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ABSTRACT 
 
The introduced common warthog, Phacochoerus africanus, in the Eastern 
Cape is increasing rapidly both in numbers and distribution, despite attempts 
by landowners to reduce numbers and exclude warthogs. These control 
attempts are motivated by concerns over the impacts of warthogs, on 
vegetation, soil and other animal species. This expansion of warthog 
populations is paradoxical given that a species of warthog occurred 
historically in this part of the world, apparently at low densities and was wiped 
out in the mid-1800s. The question therefore arises as to why warthogs are 
able to overcome population regulation attempts now, and this becomes an 
invasive species issue as the species now occurring in the Eastern Cape is in 
fact an introduced species. The objectives of the study were to investigate the 
status of warthogs as an introduced invasive species in the Eastern Cape by 
documenting the rate and direction of population expansion, ecological 
impacts and possible dietary shift of the introduced species, P. africanus 
compared to the extinct species P. aethiopicus. 
 
 The research approach adapted here was to test the hypotheses that, (1) the 
success of  P. africanus in the Eastern Cape reflects dietary differences of the 
two species based on observations of different dental adaptations, as P. 
africanus has functional incisors, which are absent in P. aethiopicus. Stable 
carbon isotope analysis of the tooth enamel was used to determine the diet of 
the two species. (2) Common warthogs are specialized grazers and will 
impact on a limited range of grass species, this hypothesis was addressed by 
describing the diet of common warthogs in one site in the Eastern Cape to 
identify plant species at risk due to invasion by P. africanus, and 
microhistological faecal analysis was used. (3) Common warthogs have 
successfully expanded their range in the Eastern Cape since their introduction 
and are now showing impact, this was addressed by describing the range of 
expansion of P. africanus in the Eastern Cape, as well as reviewing 
landowner perceptions of the impacts of warthogs, this was based on 
questionnaire surveys distributed in the Sundays and the Fish River valleys.  
The results of the study showed that there are differences in the diet of Cape 
warthog P. aethiopicus and common warthog P. africanus. The Cape warthog 
was largely a grazer (86% C4 grasses in their diet), while P. africanus is also a 
grazer (71% of C4 grasses in their diet), but with a larger proportion of browse 
in their diet. These results support the hypothesis that the presence of 
functional incisors in the common warthog might provide the common warthog 
with foraging advantages over the Cape warthog. This might be a contributing 
factor to the success of this invasive species in the Eastern Cape, and might 
explain the rapid disappearance of Cape warthogs in the 1800s, which 
coincided with rapid expansion of herds of domestic grazers. A total of twelve 
grass species are used by common warthogs and are therefore most 
vulnerable to impacts of this invasive species. Common warthogs are rapidly 
expanding their range particularly around the Sundays and the Great Fish 
River valleys and they are perceived by landowners to have impacts on grass 
cover, soils and fencing. This spread of warthog in the Eastern Cape exhibits 
 vi
characteristics of an invasive species. In light of the findings of this study, it is 
therefore important that government authorities and other parties concerned 
recognize that common warthogs are invasive in the Eastern Cape. 
 
Key words: Invasive species, Stable carbon isotopes, Dental adaptations, 
Microhistological faecal analysis, Range expansion 
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CHAPTER ONE 
 
GENERAL INTRODUCTION 
 
1.1 Introduction  
The introduced common warthog (Phacochoerus africanus) in the Eastern 
Cape is increasing rapidly, both in numbers and distribution (Skead 2007). 
This rapid increase in warthog numbers occurs despite ongoing attempts by 
landowners and conservation authorities to reduce warthog numbers or even 
eradicate them. These population regulation attempts are motivated by 
concerns over the impacts of these warthogs on the vegetation, soil and other 
animal species (Somers 1992). This increase in the warthog population is 
paradoxical, as warthogs are known to have occurred historically in the 
Eastern Cape, apparently at low densities and they went extinct in the mid 
1800s (Vercammen & Mason 1993; Plug & Badenhorst 2001; Skinner & 
Chimimba 2005; Skead 2007). 
 
The question of interest therefore is why the introduced common warthog is 
able to overcome population regulation attempts now in the Eastern Cape. It 
was only recently recognised that the introduced common warthog (P. 
africanus) is an alien species to the Eastern Cape (Skead 2007). Alien 
species are defined as species that do not naturally occur within an area 
(Monney & Hobbs 2000). The problem of common warthogs in the Eastern 
Cape has become so intense that this species is now regarded as an invasive 
species. Invasive species are often defined as organisms that have moved 
beyond their natural geographic range, with or without human assistance, and 
in their new habitat these organisms establish, spread and increase in 
numbers, often altering the newly colonized ecosystems (Vitousek et al. 1997; 
Alpert et al. 2000; Stroz & Tschinkel 2004; Jeschke & Strayer 2005; Juliano & 
Lounibos 2005; Arim et al. 2006).  
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Globally biological invasions are now recognized as a leading threat to 
biodiversity and ecosystem function (Vitousek et al. 1996; Pimentel et al. 
2002). It is surprising that even with all the lessons learnt from previous 
disastrous introductions of alien species (Pimentel et al. 2002; Chapuis et al. 
2004; Heneghan et al. 2006), introductions of potentially damaging species 
still occur.   
 
1. 2 Background to warthog in the Eastern Cape 
Twenty warthogs from northern KwaZulu-Natal (Hluhluwe-IMfolozi Park) were 
introduced by conservation staff into the Eastern Cape (Andries Vosloo Kudu 
Reserve) between 1976 and 1977(Eastern Cape Parks, unpublished reserve 
records). The rationale for this release was based on the understanding that it 
was simply the reintroduction of a species that historically occurred in the 
Eastern Cape. Unfortunately, It was only recently recognised (Grubb 1993a) 
that the introduced common warthog (P. africanus) is different from the 
historically occurring, but extinct Cape warthog (P. aethiopicus). 
 
There are uncertainties about the historical incidence of warthogs in the 
broader Eastern Cape (Skead 2007). Some people believe that warthogs 
never occurred historically in this region, although there are at least 10 
records that provide evidence of the historical existence warthogs in the 
Eastern Cape (Skead 2007). The lack of a Xhosa name for warthogs adds 
doubt of the historical existence of this species in the Eastern Cape. The main 
argument is that if warthogs occurred historically in the region, they would 
have a Xhosa name (Skead 2007).  
 
Skinner & Chimimba (2005) use the name “ingulube” as the Xhosa name for 
warthog, which is the same name given to the bushpig (Potamochoerus 
larvatus). However, it is common amongst the Xhosa people to use a single 
name for two or more species that are similar, for example the brown 
(Parahyaena brunnea) and the spotted (Crocuta crocuta) hyaenas are both 
“ingcuka”, the large (Genetta tigrina) and the small (Genetta genetta) spotted 
genets are both called “inyhwagi” (Simelane 1996). The name “inxakhwe” and 
“ihodi” have been suggested for warthog but there is some uncertainty as to 
 2
the generality of use of these words and there is a need for further 
investigation (Skead 2007).  
 
Warthogs are not referred to in any of the extensive journals from 1820 
settlers and there is no mention of warthogs in other text dealing with the 
same period (Skead 2007). The paucity of references to warthogs in the early 
literature is yet another mystery, especially considering that this species can 
easily be detected, because of its diurnal activity, distinctive appearance and 
its interesting and distinctive behavior of keeping its tail erect when running 
and its habits of backing down into its burrow (Skead 2007). In addition, early 
writers often did not provide sufficient identifying features to enable the reader 
to distinguish between warthogs and bushpig records (Skead 2007). This has 
lead to a few clear distribution records, as warthogs were often confused for 
bushpig.   
 
Despite the paucity of references to the warthog in the early literature, 
evidence of the existence of the Cape warthog P. aethiopicus in the Eastern 
Cape is supported by archaeological records (Plug & Badenhorst 2001). 
These include identified remains coming from at least as long ago as 30 000-
25 000 years BP (before present) and as recently as 500 years BP (Plug & 
Badenhorst 2001), as well as recent bones (last 150 years) that provided 
further supporting evidence for the earlier presence of warthogs in the Eastern 
Cape region (Skead 2007). This material may have provided valid evidence 
for the existence of warthogs in the Eastern Cape, but it could also be 
possible that some or all of this material might have been remains that had 
been transported by human hunters (Skead 2007).  
 
Although the 1820 Settlers did not record warthogs, scarce but reliable 
sighting records of warthogs can be obtained from early literature of the 
region (Du Plessis 1969; Skead 2007). Du Plessis (1969) provided a number 
of clear historical records for warthogs in the Eastern Cape, in which the 
characteristics of the species are clearly presented (Table 1.1). 
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Table 1.1 Historical sight records for warthogs in the Eastern Cape, as 
provided by Du Plessis (1969). 
Sparman 1789: Described a wood swine or wild swine which run holding their 
tails erect in the Sundays and the Bushmans River areas; he described these 
as warthog (Aper aethiopicus).  
 
Barrow 1801: Recorded Sus aethiopicus from the foot of the Suurberg. He 
described a mammal with long ivory fangs bending-upward, with fleshy bags 
hanging from their cheeks like an additional pair of ears. 
 
Lichtenstein 1818: Described a wild boar Sus aethiopicus from Tsisikamma  
 
Pringle 1835: Mentioned the riet-vark and the bosvark (Sus aethiopicus) near 
the Baviaans and the Great Fish Rivers in the Eastern Cape. 
  
Holub 1881: Described blackvarks and bushvarks between Port Elizabeth 
and Grahamstown without any positive identification, but according to  
Skead (2007), warthog were already recorded as extinct in the region. 
 
The scarcity of these sight records suggests that by late 18th century, the 
species was already at a very low population density in the region and the 
1834 and 1863 records must have been the very last remaining individuals 
(Skead 2007). Based on this evidence, it has been suggested that P. 
aethiopicus, the Cape warthog, once occurred throughout the Eastern Cape 
region (Figure 1.1), but went extinct in the Cape region (Skead 2007). This 
species is now restricted to areas of Somalia and Northern Kenya, where it is 
represented by Phacochoerus aethiopicus delamerei (Randi et al. 2002; 
Skinner & Chimimba 2005). 
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Figure 1.1 The distribution of warthog P. aethiopicus in the Eastern Cape 
Province (from Skead 2007). 
 
There is considerable speculation as to why this warthog species went extinct 
in the Eastern Cape. According to Vercammen & Mason (1993), the extinction 
of the Cape warthogs in the Eastern Cape occurred soon after the massive 
rinderpest epidemic. However, the rinderpest epidemic occurred in 1896 
(Scott 1981), therefore rinderpest could not have been the cause of this 
extinction, considering that the last warthog was sighted close to 40 years 
earlier in 1863 (Skead 2007). Skead (2007) suggests that a disease such as 
swine fever might have been the cause, but according to Mason (1982), 
warthogs are resistant to swine fever, which is fatal to domestic pigs Sus 
scrofa. It has been further suggested that exploitation by European and 
African hunters drove the species to extinction (Skead 2007). This speculation 
raises questions as to how likely is it  that early hunters, with their relatively 
primitive hunting methods and firearms, may have been able eliminate a 
species which has managed to persist, and indeed spread, in the Eastern 
Cape region despite ongoing population regulation efforts by hunters using 
high power and telescopically sighted rifles (Skead 2007).  
 5
1. 3 Rational & Research approach 
The introduced common warthog has successfully established itself, 
spreading widely throughout the Eastern Cape, and has been reported to be 
showing impacts (Skead 2007); this then qualifies this species to be 
recognized as an invasive species in the Eastern Cape (Vitousek et al. 1997; 
Juliano & Lounibos 2005). The mechanisms whereby P. africanus has been 
so successful, in contrast to the extinction of P. aethiopicus in the Eastern 
Cape is therefore of relevance to understanding this invasive species. 
Furthermore concerns regarding the possible impacts of warthogs in the 
Eastern Cape have motivated this study. 
 
The objectives of the study are to investigate the status of warthogs as an 
introduced invasive species in the Eastern Cape by documenting the rate and 
direction of population expansion, ecological impacts and possible dietary 
shift of the introduced species P. africanus compared to the extinct species P. 
aethiopicus. 
 
The research approach adopted here was to test the hypotheses that  
 
? The diet of the introduced common warthog P. africanus differs from 
that of the extinct Cape warthog P. aethiopicus. This is based on the 
observation of different dentition between the two species, and may 
explain why P. aethiopicus went extinct while P. africanus is so 
successful in the Eastern Cape. This hypothesis was addressed using 
stable carbon isotopes. 
 
? Common warthogs are specialized grazers and will impact on a limited 
range of grass species; this was addressed by describing the diet of P. 
africanus from one site in the Eastern Cape to identify plant species at 
risk due to invasion by P. africanus. This is based on microhistological 
faecal analysis. 
 
? Common warthogs have successfully expanded their range in the 
Eastern Cape since their introduction; this was addressed by 
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describing the range expansion of P. africanus in the Eastern Cape to 
develop an understanding of the rate and direction of expansion. This 
was based on a landowner questionnaire survey distributed in the 
Sundays and the Fish River valleys. 
 
? Common warthog are creating impacts in the Eastern Cape. 
Landowner perceptions of the impacts caused by common warthogs 
were assessed based on the questionnaire survey. 
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CHAPTER TWO 
 
ECOLOGY OF THE STUDY ANIMAL AND GENERAL DESCRIPTION OF 
THE STUDY AREA 
 
2.1 Ecology of the study animal 
 
2.1.1 Taxonomy 
 There are uncertainties with regards to the taxonomic classification of 
warthogs. Some authors refer to the common warthog Phacochoerus 
africanus as Phacochoerus aethiopicus, the Cape warthog (Shortridge 1934; 
Mason 1982; 1990; Skinner & Smithers 1990; Somers 1992). This is despite 
the fact that paleontologists have long described two species of warthogs 
belonging to the subfamily Phacochoerinae within the family of Suidae, which 
were present throughout the Pleistocene and Holocene fossil record of Africa 
(Ewer 1958; Ewer & Cooke 1964; Cooke & Wilkinson 1978; Muwanika et al. 
2003). The two recognised species of warthogs are the common warthog P. 
africanus (with four subspecies) and the Cape or the desert warthog (P. 
aethiopicus), with one living and one extinct sub-species (Grubb 1993a; 
1993b). This approach has been generally adopted for warthogs (Skinner & 
Chimimba 2005), and is followed here. 
 
2.1.1.1 The Cape and desert warthog (P. aethiopicus) 
The Cape warthog P. aethiopicus aethiopicus was the first warthog species to 
be described from a specimen collected from the Cape colony and sent to 
Holland in 1765 (Grubb 1993a; Vercammen & Mason 1993; D’Huart & Grubb 
2001). This specimen had no functional incisors and was characterized by a 
number of other distinctive dental and cranial features (Grubb 1993a; 
Vercammen & Mason 1993; D’Huart 2001). The Cape warthog is now known 
to have gone extinct in southern Africa and its natural distribution was never 
properly identified (Grubb 1993a; Vercammen & Mason 1993; D’Huart & 
Grubb 2001; Skead 2007).  
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In 1909, Lönnberg described two male warthog skulls obtained in Somalia 
that also lacked incisors (Grubb 1993a). This led to a description of a new 
sub-species of warthog known as the Somali or the desert warthog (P. 
aethiopicus delamerei), that was recognised as a subspecies of the extinct 
Cape warthog. This species is known to be restricted to areas of Somalia and 
Kenya (Grubb 1993a; D’Huart & Grubb 2001; Randi et al. 2002). 
 
2.1.1.2 The common warthog (P. africanus) 
The common warthog P. africanus was first described by Buffon in 1766, but 
was not given a scientific name until 1788 (Vercammen & Mason 1993). This 
species has full functional incisors and is characterized by having the 
diagnostic presence of two upper and four to six lower functional incisors 
(Figure 2.1) (Grubb 1993a; Vercammen & Mason 1993; D’Huart & Grubb 
2001; Randi et al. 2002). At least eight subspecies of P. africanus have been 
described (Vercammen & Mason 1993). However, Grubb (1993a) suggest 
that most of these subspecies are synonymous, and only four subspecies 
should be provisionally recognised at the present time. The four subspecies 
as described by (Grubb 1993a) are as follows: 
• P. a. africanus - Sahel to central Ethiopia (now probably extinct 
in Mali and Niger), 
• P. a. aeliani - northern Ethiopia and Djibouti, 
• P. a. massaicus - eastern and central Africa, 
• P.a. sundevallii - northern part of the southern African sub-
region. 
Since Grubb (1993a), it has been suggested that all extant South African 
warthogs are common warthog P. africanus. Common warthog P. africanus 
sundevalli (Lonneberg) is the subspecies that was introduced into the Eastern 
Cape from northern KwaZulu-Natal (Vercammen & Mason 1993). 
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 a                                                             b 
 Figure 2.1 Dental differences between warthog P. aethiopicus and P. 
africanus, (a) P. africanus with has full functional incisors and (b) P. 
aethiopicus lacking presence of functional incisors (from D’Huart & Grubb 
2005). 
 
There are no published external descriptions of the extinct Cape warthog, and 
thus the difference in the dental adaptations of the two warthog species is the 
main feature that was used to distinguish them (Grubb 1993a; Vercammen & 
Mason 1993; D’Huart & Grubb 2001; Randi et al. 2002).  D’Huart & Grubb 
(2005) identified both cranial and dental differences along with some external 
appearances as key features in differentiating between the warthog P. 
africanus and P. aethiopicus delamerei (Table 2.1). 
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Table 2.1 Characteristic external differences between the common warthog P. 
africanus and the desert warthog P. aethiopicus delamerei (D’Huart & Grubb 
2005). 
 
P. africanus P. aethiopicus 
Cranial and dental differences 
• The skull is smaller 
 
• The front part of the 
zygomatic arch is thickened 
by internal sinuses and 
swollen into the spherical 
hollow knob just in front of 
the Jugal-Squamosal suture 
• The skull roof is behind the 
internal nares and marked 
by two deep and distinct 
sphenoidal pits  
• The skull is proportionately 
short but broader 
• The zygomatic arch is robust, but 
not thick and there is no 
formation of a knob 
 
 
 
• The  sphenoidal,  pits are 
not as visible 
 
 
 
External differences 
 
• Cone shaped genal wart 
• Pointed leaf-shaped ears 
with a sinuous contour 
•    Suborbital areas lack 
pronounced swelling 
 
 
 
•    The head diabolo-shaped  
 
 
• Hooked shaped genal warts 
• The tips of the ears are 
always bent backwards 
• The suborbital areas are 
swollen, forming pouches 
that often extend to the base 
of the genal wart 
 
• The head is more egg- 
shaped 
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2.1.2 Description  
Warthogs are medium-sized, non-migratory ungulates with adult males 
usually weighing about 80 kg and the smaller females weighing about 57 kg 
(Mason 1982). They are grey in colour, with both sexes having long black, 
brown or yellow bristly body hair extending from between the ears to the base 
of the tail (Skinner & Chimimba 2005). They have broad, spade-shaped heads 
with distinctively large mouths that can extend up to 35 cm corner to corner 
round the lip for an adult warthog (Child 1968). The lateral portion of the 
mouth is modified to accommodate the large canines which are suitable for 
fighting and for defense (Child 1968). Their nostrils (snouts) are broad, 
flattened, cartilaginous and very resilient, and are commonly used for digging 
in very hard grounds (Child 1968). Their snouts are well-suited for exposing 
roots, tubers and other underground vegetable material, as well as for 
modifying their burrows (Child 1968). Warthog’s eyes are set up high on their 
heads, apparently enabling them to see better over tall grass and over their 
large tusks (Skinner & Chimimba 2005). The two pair’s of facial warts, from 
which their name is derived, are composed of dense connective tissue, and 
are thought to protect the animal’s face during fights (Skinner & Chimimba 
2005).  
 
2.1.3. Behaviour  
Warthogs live in small groups called sounders comprising of a number 
females and their offspring (Cumming 1975; Somers 1992). Adult male 
warthogs are solitary or live in small loose bachelor groups, unattached to the 
clan (Cumming 1975; Boshe 1981; Somers 1992; Berger et al. 2006). They 
are diurnal, spending the night in self-excavated or disused aardvark 
(Orycteropus afer) burrows, erosion gullies and rock crevices (Cumming 
1975; Mason 1982; Somers 1992; Vercammen & Mason 1993). The 
warthog’s most unusual behaviour is its habit of entering their burrows 
backwards, usually stopping shortly to looking around before disappearing 
into the burrow (Cumming 1975; Somers 1992). Burrows play a major role in 
offering protection against predators and from adverse climatic conditions, 
they are also important for the survival of young ones (Cumming 1975; Mason 
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1982; Somers 1992; Vercammen & Mason 1993). Warthogs run with their 
tails high up like an antenna (Somers 1992). 
 
 2.1.4 Distribution 
The common warthog is the most widely distributed warthog species in Africa 
(Grubb 1993a; Vercammen & Mason 1993; Randi et al. 2002; Muwanika et al. 
2003; Skinner & Chimimba 2005). Their distribution (Figure 2.2) stretches 
through sub-Saharan West, Central and East Africa, and southward to 
northern Namibia and the northern parts of the Republic of South Africa 
(Vercammen & Mason 1993). In South Africa they occur throughout the north 
eastern parts, of the North West Province, Northern Cape and in KwaZulu-
Natal. They have been introduced to some parts of South Africa like the 
Eastern Cape (Vercammen & Mason 1993; Skinner & Chimimba 2005). 
 
 
 
Figure 2.2 Distribution of the common warthog P. africanus through Africa 
from Skinner & Chimimba (2005). 
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2.1.5 Habitats 
Common warthogs are associated with savanna, open woodlands, shorter 
grassland, flood plains, as well as open areas around waterholes and pans 
but mostly avoid densely wooded vegetation (Slotow 1985; Vercammen & 
Mason 1993). They prefer to live close to water, but this may not be an 
essential habitat requirement as they have been reported to occur in areas 
where water may only be available seasonally (Cumming 1975; Kingdon 
1982; Mason 1982). 
 
2.1.6 Diet 
Common warthogs are mainly grazers, foraging on a wide variety of grass 
species (Cumming 1975; Mason 1982; Rodgers 1984; Treydte et al. 2006).  
Somers (1992) listed six grass species consumed by warthogs in the Eastern 
Cape, while Cumming (1975) listed 39 grass species consumed by common 
warthogs in Zimbabwe. They have been reported to include other food items 
in their diet including underground rhizomes, forbs, bulbs, tubers and fruit. 
(Ewer 1958; Field 1970; Cumming 1975; Mason 1982; 1990; Rodgers 1984; 
Skinner & Chimimba 2005; Treydte et al. 2006). 
 
2.1.7 Predators 
The most important predators of warthogs include lions Panthera leo and in 
some cases leopards Panthera pardus (Cumming 1975; Vercammen & 
Mason 1993; Hayward & Kerley 2005), other potential predators include 
cheetah (Acinonyx jubatus), spotted hyaena (Crocuta crocuta), brown hyaena 
(Parahyaena brunnea), black-backed jackals (Canis mesomelas), African rock 
pythons (Python sebae) and martial eagles (Polemaetus bellicosus) (Somers 
& Penzhorn 1992; Vercammen & Mason 1993; Kruger et al. 1999). Warthogs 
spend their nights in burrows, thus they are mostly sheltered from nocturnal 
predators such as hyaena (Vercammen & Mason 1993). Warthogs are also 
heavily hunted for their meat and as trophies (Vercammen & Mason 1993).  
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2.1.8 Breeding  
Warthogs are seasonal breeders with the mating season occurring during 
May and June (Somers & Penzhorn 1992; Skinner & Chimimba 2005). 
Warthogs are promiscuous, with both males and females mating with more 
than one partner in a season (Somers & Penzhorn 1992). Sexual maturity is 
reached at 18 months, but occasionally as early as 6 months (Boshe 1981; 
Mason 1982; Somers & Penzhorn 1992). During May (autumn) females come 
into oestrus and piglets are born in burrows during October, November and 
December, after a gestation period of about 164-182 days (Child et al. 1968; 
Cumming 1975; Boshe 1981; Mason 1982; Somers & Penzhorn 1992; Berger 
et al. 2006).  Warthogs have a very high reproductive capacity as compared 
to other ungulates of similar size which normally bear one young per 
pregnancy, with liter size ranging from 1 to 8 (Somers & Penzhorn 1992). The 
maximum life span of warthogs is about 17 years (Mason 1982).  
 
2.2 STUDY AREA 
 
2.2.1 Location and Landuse  
This study was conducted roughly within the catchment area of the Great Fish 
and Sundays Rivers, south of the Great Escarpment, between 24° 14'E and 
31° 45'S, 27° 14'E and 31°45'S, 24° 14'E and 31° 14'S and 27 14'E,  34 °14’S 
(Figure 2.3). This area is extensively used for commercial farming, communal 
range lands, and nature conservation areas as well as privately owned game 
farms (Birch 2000; Palmer 2004; Langholz & Kerley 2006). Stock farming is 
the most dominant agricultural practice with crop and citrus cultivation 
occurring mainly along the Sundays River (Rouxb & van der Vyver 1988). 
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Figure 2.3 Study area map, showing the catchments of the Sundays and the 
Great Fish Rivers south of the Great Escarpment. 
 
2.2.2 Topography, Geology and Soils 
The landscape consists of a series of steep river valleys and undulating hills 
with inter-basin ridges (Rust 1988). The geology and soils of the study vary 
regionally. The general geology units of the study area include the Cape 
supergroup, Ecca group, Dwyka formation, Bedford group with Katberg 
formation and the Uitenhage group (Rust 1988). The soils of the study area as 
described by Hartmann (1988) consists of red lime- rich sandy clay loam soils 
occurring around the Sundays River catchments, coastal sands and sandy 
soils near coastal regions, red porous sandy clay loams and lithosols on lime 
around the Alexandria district, rocks and lithosols around the Zuurberg 
mountains, weakly developed soils with rocky land in the Grahamstown area, 
weakly developed soils interspersed with red sandy clays in the Bathurst and 
Albany districts, lime rich soils along the Great Fish River and Solonetzic soils 
interspersed with red clays in the Adelaide and Fort Beaufort regions. 
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2.2.3 Climate 
The climatic conditions of the study area vary, because of its topographic 
complexities. The Great Fish River valley has warm temperate climates with 
the minimum temperatures ranging from 18°C to -3°C, and maximum 
temperatures above 22°C (Birch 2000). The mean annual rainfall of the area 
is about 450 mm with peaks in spring and autumn, with dry winters (Birch 
2000). The Sundays River valley lies within a semi-arid region, the mean 
annual precipitation of the area is between 260 mm and 530 mm per annum, 
with peaks in autumn (March – April) and spring (October – November), mean 
maximum temperatures range from 22 °C in the winter to 30 °C in summer 
(Stuart-Hill 1992). 
 
2.2.4 Vegetation 
The topography and climatic variations of the study area have led to a 
significant level of plant biodiversity. According to Acocks (1975) the dominant 
vegetation type of the study area is defined as a Valley Bushveld, which 
implies that the veld type is found in steeply sloping, semi-arid, river valleys. 
Acocks (1975) considered Valley Bushveld to be part of the Karoo and 
Karroid types. The South African National Biodiversity Institute developed a 
new vegetation map (Mucina & Rutherford 2006) to replace that of Acocks 
(1975). The study area therefore includes areas of five of the eight biomes 
found in South Africa. At the level of the vegetation type, there is also high 
diversity, as the study area includes examples of 38 different vegetation types 
(Figure 2.4). 
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 Figure 2.4 Vegetation types of the study area (from Mucina & Rutherford 
2006). 
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CHAPTER THREE 
INTRODUCTION AND SPREAD OF COMMON WARTHOG IN THE 
EASTERN CAPE  
 
3.1 Introduction 
The common warthog (P. africanus) was first introduced into the Eastern 
Cape in 1976 and 1977, when twenty warthogs (15 females and 5 males) 
were translocated from Hluhluwe-IMfolozi Park (KwaZulu-Natal) and released 
into the western sector of the Andries Vosloo Kudu Reserve, currently 
referred to as the Great Fish River Nature Reserve (Eastern Cape Parks, 
unpublished reserve records). After introduction common warthog numbers 
increased dramatically such that by 1987 estimates of the warthog population 
size in the Andries Vosloo Kudu Reserve, excluding emigrations to adjacent 
areas, ranged around 800 (i.e. a 45% pa increase between 1976-1987) 
(Somers & Penzhorn 1992). The introduced common warthog populations 
have managed to establish and expand their range substantially beyond the 
original introduction site.  This is particularly true in the Great Fish River and 
the Sunday’s River valleys (Somers 1992). The rapid increase in warthog 
numbers is a characteristic of an invasive alien species (Juliano & Lounibos 
2005). 
 
Alien species do not always become invasive; however, it is possible that a 
non-native species that was initially not invasive becomes invasive with time 
because of favourable environmental conditions, meaning an alien species 
can remain non-invasive for a long period of time before they become 
invasive (Thebaud et al. 1996; Townsend 1996; Alpert et al. 2000). 
Successful invasion involves a number of stages, including transportation and 
the introduction of an alien species into a new environment, initial colonization 
and a successful establishment phase, dispersal and spread into the new 
habitat (Williamson 1996; Mack et al. 2000; Richardson et al. 2000a; Sakai et 
al. 2001; Jeschke & Strayer 2005; Fausch 2007; Theoharides & Dukes 2007).  
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The time lines in and between these stages are variable and there is 
commonly a lag phase (Figure 3.1) between the initial colonization and the 
beginning of rapid population growth and range expansion (Mack 1985; Mack 
et al. 2000). During these stages of invasion there are factors and species 
traits that influence the timing and nature of the transition from one stage to 
the next (Kolar & Lodge 2001; Sakai et al. 2001). These factors influence the 
extent of the invasion in the new environment (Kolar & Lodge 2001; Sakai et 
al. 2001). The various phases are expanded on below. 
 
 
 
Figure 3.1 General stages of the invasion process as described in the literature 
(Macket al. 2000; Richardson et al. 2000a; Sakai et al. 2001; Theoharides & 
Dukes 2007). 
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3.1.1 Transport and introduction of alien species  
To begin the invasion process a species must be transported from its place of 
origin and then introduced into the new habitat through different transport 
pathways with or without human intervention (Baker 1986; Ruiz et al. 2000; 
Richardson et al. 2000a; Kolar & Lodge 2001; Sakai et al. 2001; Ruthrof et al. 
2003). During introduction, the alien species will interact with the new 
ecosystem through biotic interactions including predation, parasitism and 
interspecific competition (Richardson et al. 2000b; Kolar & Lodge 2001).  
These interactions along with other factors will determine whether the species 
will be able to establish itself in its new environment (Baker 1986; Kolar & 
Lodge 2001; Rosecchi et al. 2001).   
 
3.1.2 Initial colonization and successful establishment phase  
After successful colonization the species will enter into the establishment 
phase, where it has to persist by maintaining a viable self-sustaining 
population (Sakai et al. 2001; Shea & Chesson 2002; Theoharides & Dukes 
2007). The character of the establishing invader and interactions with other 
species in the new invaded community will determine how long the non-native 
species will remain in this phase. Species may persist in this phase for an 
extended period, while other species may fail to survive (Ehrlich 1989; Bartell 
& Nair 2003).  
 
3.1.3 Lag phase 
The lag phase (Figure 3.2) is the time between initial colonization and the 
beginning of rapid population growth and range of expansion typical of 
invasive species (Mack 1985; Mack et al 2000; Wangen & Webster 2006). 
The lag time is interpreted as the same as the lag phase in an exponential 
population growth curve (Sakai et al. 2001). This is a stage where an alien 
species occurs at low densities before they spread rapidly (Mack et al 2000; 
Wangen & Webster 2006). The duration of this lag phase may vary with 
species; some species show no lag phase after establishing (Mack et al. 
2000).  
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Figure 3.2 Population growth pattern of an introduced species as described 
by (Mack et al. 2000). 
 
3.1.4 Spread 
Once a species has colonized and established itself, it then spreads beyond 
the release point. Invasive species can spread naturally or be assisted by 
humans (Higgins & Richardson 1996; Ruthrof et al. 2003; Arim et al. 2006).  
 
3.1.5 Range expansion 
After the new species has established in the new environment, it will expand 
into surrounding environments (Sakai et al. 2001). Some of the life history 
traits that influenced initial colonization are likely to also influence the rate of 
spread. The rate of expansion will be driven by the ability of individuals to 
survive and reproduce in the new range (Sakai et al. 2001; Theoharides & 
Dukes 2007).  
 
Although warthogs are now recognised as an alien invasive species in the 
Eastern Cape, with typical rapid population increase and range expansion 
(Somers & Penzhorn 1992), there is very little information regarding their 
current distribution here. The aim of this chapter is to describe the range 
expansion of common warthogs in the Eastern Cape, as well as to develop an 
understanding of the rate and direction of this expansion.  
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3.2 Methods 
This study was based on a questionnaire survey that was sent to farmers and 
game reserve managers residing within the Sundays River and the Great Fish 
River valleys (Figure 2.3). Landowners were requested to report the existence 
of warthog in their farms, and to state which year common warthogs were first 
recorded on the property (see Appendix 1 for details of the questionnaire).  A 
total of 1400 questionnaires were distributed through the Eastern Cape Game 
Management Association newsletter in September 2007. In addition 138 
questionnaires were posted and emailed to chairpersons and secretaries of 
agricultural unions to distribute to their members from November 2007 to 
August 2008, completed questionnaires were returned by post, email or fax. 
Due to slow return rate of the questionnaires, 62 follow up phone call 
interviews with landowners were conducted from August to October 2008; 
contact details of the landowners were received from secretaries and 
chairman’s of the agricultural unions.  
 
3.2.1 Data analysis  
A total of 106 (7%) responses of the 1600 questionnaires between 2007 and 
2008 were received. Data of warthog distributions (in space and time) were 
captured into a GIS system and used to depict the rate and the range 
expansion of the common warthog in the study area. Data were presented in 
a series of time intervals. 
 
3.3 Results  
The first introductions of common warthog in the Eastern Cape occurred in 
1976 and 1977 in the Andries Vosloo Kudu Reserve (Eastern Cape Parks, 
unpublished reserve records). Between 1976 and 1990 warthogs were 
recorded in other private farms close to the reserve (Figure 3.3). Warthogs 
moved further into other regions like Grahamstown and Bedford between 
1990 and 1995, they were also introduced into the other reserves like the 
Addo Elephant National Park in 1995 (Figure 3.4). Common warthogs 
continued to expand their range, particularly around Bedford and Adelaide 
regions between 1995 and 2000 (Figure 3.5). They expanded their range 
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further, moving to other regions like the Albany and Uitanhage districts 
between 2000 and 2005 (Figure 3.6), and by 2005 to 2008 warthogs, had 
moved further into other districts such as Somerset East, Uitenhage, 
Kommadagga and to the Bathurst regions, along the coast (Figure 3.7). 
Common warthogs are now highly concentrated in areas like the Addo 
Elephant National Park and the Great Fish River Reserve. 
 
 
 
Figure 3.3 Distribution map showing initial records of common warthogs in 
the Eastern Cape from 1976 to 1990. Colored dots represent common 
warthog records; the map is based on information provided by the 
questionnaires. 
 
 
 
 
 
 
 
 24
 
 
 
 
Figure 3.4 Distribution map showing the spread of common warthogs in the 
Eastern Cape from 1976-1995. Coloured dots represent common warthog 
records; the map is based on information provided by the questionnaires.  
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Figure 3.5 Distribution map showing the spread of common warthogs in the 
Eastern Cape from 1976-2000. Coloured dots represent common warthog 
records and red shaded area demonstrates areas where common warthog 
occur in high numbers, the map is based on information provided by the 
questionnaires.  
 
 
 
 
 
 
 
 26
  
 
Figure 3.6 Distribution map showing the spread of common warthogs in the 
Eastern Cape in time from 1976-2005. Coloured dots represent common 
warthog records and red shaded area demonstrates an area where common 
warthog occurs in high numbers, the map is based on information provided by 
the questionnaires.  
 
 
 
 
 
 
 27
  
Figure 3.7   Current distribution of common warthogs in the Eastern Cape, 
black dots represents common warthog records and red marks and red 
shaded areas represent areas where common warthogs occur in high 
numbers, the map is based on information provided by the questionnaires.  
 
3.4 Discussion  
3.4.1 The questionnaire approach   
Landowners have provided valuable inputs regarding the rate and direction 
and spread warthogs in the Eastern Cape. However, the majority of 
landowners residing within the study area did not participate in the survey and 
this led to loss of valuable information that could have provided a more 
precise understanding of the spread of common warthogs. This then suggests 
that the questionnaire approach was not the best method to use, and thus 
more an extensive and practical approach is essential for future studies. 
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 3.4.2 Spread of the common warthogs 
The results of the study revealed that common warthogs are spreading rapidly 
and expanding their range particularly around the Great Fish River and the 
Sundays River Valleys. Somers & Penzhorn (1992) recorded that warthog 
numbers in the Andries Volsoo Kudu Reserve increased such that from 1976 
to 1987 the estimated rate of increase of warthogs in the reserve was 
estimated to be 45% pa. Somers (1992) recorded that warthogs had already 
started to move into other areas around the reserve between 1976 and 1987; 
this supports the results of this study. 
 
Common warthogs in the Eastern Cape are probably following the same 
population growth pattern as observed in other introduced alien species 
(Figure 3.2). They were successfully introduced, established and they initially 
remained around the point of introduction before they started to spread into 
other regions. There is not sufficient evidence with regards to the existence of 
a lag phase or the time line of the lag phase in the case of common warthogs. 
Some alien species have a short lag phase and move to the rapid population 
growth phase immediately after introduction, while others have a prolonged 
lag phase (Mack et al. 2000; Wangen & Webster 2006).  
 
According to these results, common warthog in the Eastern Cape have 
succeeded in most invasion stages. According to the expected population 
growth curve (Figure 3.2), they are probably in the rapid population growth 
phase considering the rate at which they are expanding their range into other 
regions.  
 
Predicting the accurate direction and rate of range expansion of common 
warthogs in the Eastern Cape would have been valuable for this study, but 
because of insufficient data on population growth rates and expansion rates, 
these factors could not be accurately predicted. However, according to the 
distribution maps it seems that after introduction, common warthogs first 
moved to areas around the reserve, they then moved to regions like Bedford, 
Fort Beaufort, Adelaide and Grahamstown, before they started to move to 
coastal regions. There were other introductions events that occurred after the 
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 initial introduction, these have influenced the distribution and density of this 
alien species and thus affected the expansion dynamics of the original 
population. Studies have recorded that warthog movement is influenced by 
the availability of water supply (Somers 1992) and deep soils (Cumming 1975; 
Mason 1982).  
 
3.4.3 Factor influencing the spread of common warthogs  
As evident in other invasive species, a successful invasion process involves a 
number of stages; an introduced alien species must succeed in the first 
invasion stages of introduction, establishment, before they enter the rapid 
spread phase (Jeschke & Strayer 2005; Theoharides & Dukes 2007; Fausch 
2007). There are several factors that influence the success during the 
invasion process. Studies have shown that alien species that were 
intentionally introduced by humans have better chances of success during the 
transport and introduction phase (Townsend 1996). This might have 
contributed to the successful introduction of common warthogs which were 
intentionally introduced by conservation authorities into the Eastern Cape. 
Successful introduction, establishment and spread of alien species is strongly 
influenced by propagule pressure defined as the number of individuals 
introduced and the number of introduction attempts (Sakai et al. 2001). The 
probability of establishment increases with size of the introduced populations 
and with the number of invasion attempts (Crowell 1973; Crawley 1987; 
Ebenhard 1989; Theoharides & Dukes 2007).  The first introduction of 
warthogs in the Eastern Cape was followed by several other successful 
introduction events that occurred in other reserves like the Addo Elephant 
National Park, Tsolwana and Mpofu Nature Reserves, game farms like 
Kwandwe and Sante Sana, as well as other privately owned farms.  
 
Alien species with good dispersal adaptations are more likely to be successful 
during the rapid spread phase, because spread of the established population 
often occurs because of excellent dispersal adaptations (Townsend 1996). 
Common warthogs are able to spread naturally without any human 
assistance, by moving through fences, which is the main boundary around 
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 Eastern Cape properties, and they can move across the landscape without 
any restrictions.       
 
3.5 Conclusions 
This study has provided some insight regarding the rate and range of 
expansion of common warthogs in the Eastern Cape. However the study only 
concentrated on areas around the Great Fish and the Sundays River Valleys, 
and thus there are no data on warthog moving towards other regions like the 
former Ciskei and Transkei. There is therefore a need to expand this study to 
other regions of the Eastern Cape.  
 
Despite input provided by landowners, the poor response rate to the survey 
led to loss of valuable data, that could have provided insight in to the direction 
of the range of expansion, thus for future studies, direct interviews would be 
much more useful. 
 
The high rate at which common warthog are moving through the Eastern 
Cape is alarming, and if no management strategies are put into action, they 
could soon be moving into other provinces like the Western Cape, thus there 
is an urgent need for conservation authorities and other concerned parties to 
identify common warthogs in the Eastern Cape as an invasive that needs an 
immediate attention.  
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CHAPTER FOUR 
DIET OF THE COMMON WARTHOG AND THE EXTINCT CAPE 
WARTHOG: BASED ON STABLE CARBON ISOTOPES 
 
4.1 Introduction  
Diet analysis studies are useful in that they provide an understanding of 
resource use, habitat selection and niche partitioning by herbivores (Bookhout 
1996). Studies to date have recorded that common warthogs (P. africanus) 
are predominantly grazers, and may include some browse in their diet by 
foraging on roots, forbs and fruit (Cumming 1975; Mason 1982; Somers 1992; 
Vercammen & Mason 1993; Skinner & Chimimba 2005; Treydte et al. 2006).  
There is no literature documenting the diet of the Cape warthog (P. 
aethiopicus) in the Eastern Cape, but in other regions in Africa, P. aethiopicus 
delamerei has been reported to be a pure grazer (Ambrose & DeNiro 1986a; 
Harris & Cerling 2002).  
 
This chapter aims to examine whether the diet of introduced common warthog 
differs from that of the extinct Cape warthog.  Determining the diet of the two 
warthog species may enable us to draw some conclusions as to why common 
warthogs are successful in the Eastern Cape in comparison with Cape 
warthog which went extinct in the region in the past century. Based on 
differences in their dental morphology (Grubb 1993a), it is hypothesised that, 
the success of common warthogs in the Eastern Cape reflects dietary 
differences between the two warthog species. It can be predicted that 
presence of functional incisors in the common warthog might provide this 
species with greater foraging advantages over the Cape warthog, which 
lacked functional incisors (Grubb 1993a). The stable carbon isotope dietary 
analysis method was used to test this hypothesis. The results of the study 
were further compared with other carbon isotope studies done on warthogs in 
East Africa (Harris & Cerling 2002).  
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4.2 The carbon isotope approach of measuring diets  
There are various methods that can be utilized to determine an animal’s diet; 
these include visual observations, analysis of the stomach contents, 
oesophageal fistulation and faecal analysis (Bookhout 1996; MacLeod et al. 
1996; Landman & Kerley 2001; Parker 2004). All these methods could not be 
utilized in this study, as archaeological tooth specimens were the only 
available sample material that could provide insight into diet of the extinct 
Cape warthog; hence it was not possible to describe the diet directly. 
 
 Analysis of stable carbon isotopes is a commonly used tool for studying 
wildlife nutritional ecology (Ambrose & DeNiro 1986a; van der Merwe et al. 
1988; Sponheimer et al. 2003a; Codron et al. 2007; Cerling et al. 2007). This 
method has been widely used to determine dietary patterns over different time 
scales (days, months, years) and to assess modern animal diets as well as to 
reconstruct prehistoric diets of animals and humans (DeNiro & Epstein 1978; 
Ambrose & DeNiro 1986b; Lee Thorp & van der Merwe 1987; van der Merwe 
et al. 1988; Sponheimer et al. 2003a; Al-Shorman 2004; Boisserie et al. 2005; 
Codron et al. 2007). This technique is useful in providing a quantitative 
approach to assessing long term habitat use, diet selection and resource 
partitioning in animals (Ambrose & DeNiro 1986a; Tieszen et al. 1989; Codron 
et al. 2007; Feranec 2007). In particular, stable carbon isotopes have been 
extensively used to differentiate between browsing, grazing and mixed 
feeding diets (Tieszen et al. 1989; Cerling et al. 1999; Balasse & Ambrose 
2005; Codron et al. 2006, Codron et al. 2007). 
 
Stable carbon isotope analysis is based on the differential fractionation of 
carbon isotopes during CO2 fixation by plants following different 
photosynthetic pathways (Lee Thorp & van der Merwe 1987; Lee Thorp et al. 
1989; Fry 2006). Plants with different photosynthetic (C3, C4 and CAM) 
pathways have distinct carbon isotope ratios (Bender 1971; Smith & Epstein 
1971). The reason for this difference in carbon isotope ratios (expressed as 
δ13C) in plants is that the C3 photosynthetic process discriminates more 
against the heavier 13C isotope than the C4 photosynthetic process does 
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 (Bender 1971; Smith & Epstein 1971). Thus average relative 13C/12C ratio in 
the foliage of C3 plants is about  -26‰ to -27‰, in contrast with C4 plants with 
a foliage average of -12‰ to -14‰ (Bender 1971; Smith & Epstein 1971; 
DeNiro & Epstien 1978; Tieszen & Imbamba 1980). The δ13C ratio in plants 
with a CAM photosynthetic pathway varies between those of plants with a C4 
and C3 pathway depending on the environmental conditions they have been 
exposed to (van der Merwe 1982). In South African savannas most grasses 
and sedges use the C4 photosynthetic pathway, while all trees bushes and 
forbs use the C3 photosynthetic pathway (Vogel 1983). 
 
Once ingested by a herbivore, the stable carbon isotope ratio of the plant 
material is further incorporated into the animal tissue, including bone, teeth 
and hair, and the measurements of carbon isotope ratios in the consumer’s 
tissues will reflect whether the diet consumed is based on C3 or C4 plants or a 
mixture of the two (DeNiro & Epstein 1978; Vogel 1978; Tieszen & Imbamba 
1980; Lee Thorp & van der Merwe 1987; Cerling & Harris 1999; Thompson et 
al. 2008).  
 
The isotope values of various tissues in the same individual are different; this 
is due to the difference in tissue composition, turnovertime, secondary 
fractionation effects and synthesis from different constituents of the diet 
(Ambrose & DeNiro1986b; Lee Thorp et al. 1989). Tissues with different 
turnover rates can provide information of an animal’s diet on different time 
scales ranging from hours to days for soft tissues like rumen, muscle, liver 
and blood (DeNiro & Epstein 1978; Vogel 1978; Tieszen et al. 1978; Tieszen 
et al. 1989; Ambrose & DeNiro1986b; Lee Thorp et al. 1989). Hair and faeces 
have been used as a sample material in other studies; however faecal 
samples are only useful in examining short term dietary fluctuations (Tieszen 
& Imbamba 1980; Sponheimer et al. 2003b; Codron et al. 2006). Hair samples 
can be used to determine diet over a relatively long period of time; however, 
hair rarely survives in archaeological deposits (Sponheimer et al. 2003b). 
Collagen, which is the main constituent of the organic phase of bone, has 
been extensively used for carbon isotope analysis in many modern and 
archaeological studies (DeNiro & Epstein 1978; Lee Thorp & van der Merwe 
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 1987; Tieszen et al. 1989; Thompson et al. 2008). However, in warm 
environments collagen is usually not preserved in bones for more than 10 000 
years (Lee Thorp & van der Merwe 1987; Lee Thorp et al. 1989). Calcified 
inorganic tissue like bone or tooth enamel usually survives much longer than 
collagen (Wang & Cerling 1994). Studies on the isotopic composition of tooth 
enamel have made an important contribution to the reconstruction of modern 
mammalian diets as well as for interpreting fossil mammalian diets (Lee Thorp 
& van der Merwe 1987; Cerling et al. 1999; Hoppe et al. 2004; Al-Shorman 
2004; Boisserie et al. 2005; Balasse & Ambrose 2005; Feranec 2007; 
Kingston & Harrison 2007; Wang et al. 2008).  
 
Carbon isotope studies of animals with known diets have revealed that there 
is a -14‰ carbon isotope fractionation between tooth enamel and the diet 
(Cerling & Harris 1999). Thus animals that consume C3 plants have enamel 
δ13C values around -13‰ and those consuming C4 plants have δ13C values 
close to +1,5 (Sponhiemer et al. 2003a).   
 
Mixed feeders and CAM consumers have δ13C values falling in between these 
two values (Ferance 2007). In archaeological specimens, carbon isotope 
values are expected to be 1.5‰ more positive than modern species due to 
δ13C differences of the ancient and modern atmospheres as a result of fossil 
fuel burning (Friedli et al. 1986; Ferance 2007). 
 
4.3 Material and Methods 
4.3.1 Sample collection and preparation 
Fifteen lower jaws of the common warthog (P. africanus) were collected from 
the Eastern Cape (Great Fish River Nature Reserve), the location where 
common warthogs in the Eastern Cape were first introduced, and KwaZulu-
Natal (Hluhluwe-IMfolozi Park), where the common warthog is naturally 
distributed. All samples (jaws) collected from both nature reserves were from 
animals that died in the last three years, this ensured that there were no 
samples collected from the originally introduced common warthog in the case 
of the Eastern Cape. 
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Five tooth archaeological specimens of the Cape warthog (P. aethiopicus) 
were provided by the East London and Amathola Museums. The enamel 
surface of the tooth samples were first cleaned by drilling away all the 
cementum from the surface of the tooth (Hoppe et al. 2004). Enamel powder 
was collected from molars by drilling on the enamel using a microdrill fitted 
with 1 mm diamond-tipped drill bits. Care was taken to avoid collecting the 
underlying dentine. The samples were then pre-treated and analyzed at the 
University of Cape Town Archaeology Department Laboratory.   
 
 4.3.2 Pre- treatment 
 A sample of 5 mg of the enamel powder was soaked in 50% NaOCl for 30 
minutes to remove any organic contaminant (Bioserrie et al. 2005; Balasse & 
Ambrose 2005). The samples were then rinsed three times with distilled water 
to remove all traces of NaOCl and soaked in 0.1M acetic acid for 15 minutes 
to remove exogenous carbonate (Bioserrie et al. 2005; Balasse & Ambrose 
2005). The samples were then rinsed three times again with distilled water, 
and freeze dried overnight. The dried enamel powder was then reacted with 
100% phosphoric acid at 90°C for about 8 hours to release CO2 (Bioserrie et 
al. 2005). Carbon isotopic ratios of the CO2 produced were analysed using a 
Gas Bench Mass Spectrometer (IRMS).  
 
4.3.3 Data analysis 
The results are reported using the standard isotope terminology, permil (‰) 
notation, δ13C = (Rsample/Rstandard-1) x 1000, where Rsample and Rstandard are the 
12C\13C for the sample and standards, the δ13C are reported relative to the 
PDB which is an isotope standard reference derived from limestone (Lee 
Thorp & van der Merwe 1987; Al Shorman 2004; Fry 2006; Cerling et al. 
2007). The modern samples were further adjusted by adding 1.5 to account 
for the increase in fossil fuel derived CO2 in the atmosphere (Ferance 2007). 
Analysis of variance (One way ANOVA, Turkey’s post hoc test) was used to 
test for differences (95% confidence interval) between the samples (Zar 
1999). The C4 plant percentages in the diet were estimated using the dual-
source mixing model (Sponheimer et al. 2003; Thompson et al. 2008), 
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 expressed as C4%= (δc-δ3)/ (δ4-δ3)*100. Where δc is the measured and 
corrected δ13C ratio for tooth enamel, δ3 is the mean δ13C ratio of C3 plants for 
tooth enamel (-12.5‰) and δ4 the mean δ13C ratio of C4 plants for tooth 
enamel (+1.5‰). The results of this study were further compared to Harris & 
Cerling’s (2002) results (Appendix 2), for other populations of P. aethiopicus 
 
4.4 Results 
The carbon isotope results (Table 4.1) show a significant difference in the 
δ13C values for the three warthog populations (F= 26.9; df= 2; P < 0.0001). 
Turkey’s post hoc test showed that the extinct Cape warthog, which had δ13C 
values close to zero (-0.3‰ ± 0.5, n= 5, Figure 4.1) differed from both the 
Eastern Cape common warthog values (-2.5‰ ± 0.4, n= 15, Figure 4.1) and 
the KZN common warthog values (-1.95‰ ± 0.6, n= 15, Figure 4.1), and that 
the two common warthog populations also differed from each other (P < 0.05). 
The extinct Cape warthog diet comprised an estimated 86% C4 plants, while 
extant common warthogs had a lower percentage of C4 plants in their diet 
(Table 4.1). There was no significant difference in δ13C values of the Cape 
warthog P. aethiopicus from the Eastern Cape and the desert warthog P. 
aethiopicus from other regions in East Africa (F= 56; df= 44;P= 1.28) (Figure  
4.2). 
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 Table 4.1 The results of the stable carbon isotope analysis of the tooth 
enamel of the warthog P. africanus from the Eastern Cape, KwaZulu- Natal, 
and the extinct Cape warthog P. aethiopicus, reported in PDB. 
 
Sample 
KwaZulu-Natal, 
P. africanus 
Eastern Cape  
P. africanus 
extinct Eastern Cape 
P. aethiopicus 
 
δ13C  
(PDB) 
Fossil 
fuel 
corrected %C4
δ13C  
(PDB)
Fossil 
fuel 
corrected %C4
δ13C 
(PDB) % C4  
          
1 -1.43 -0.43 86 -2.97 -1.97 75 -0.82 83  
2 -3.31 -2.31 73 -3.17 -2.17 74 -0.81 84  
3 -4.17 -3.17 67 -3.96 -2.96 68 0.52 93  
4 -2.87 -1.87 76 -3.18 -2.18 74 -0.19 88  
5 -2.90 -1.90 76 -3.09 -2.09 74 -0.66 85  
6 -2.51 -1.51 78 -3.89 -2.89 69    
7 -2.70 -1.70 77 -3.81 -2.81 69    
8 -3.11 -2.11 74 -3.52 -2.52 71    
9 -2.97 -1.97 75 -3.13 -2.13 74    
10 -3.65 -2.65 70 -3.69 -2.69 70    
11 -3.82 -2.82 69 -3.22 -2.22 73    
12 -2.95 -1.95 75 -3.90 -2.90 69    
13 -3.07 -2.07 75 -4.66 -3.66 63    
14 -2.91 -1.91 76 -3.96 -2.96 68    
15 -1.93 -0.93 83 -3.74 -2.74 70    
Mean -2.95 -1.95 75 -3.59 -2.59 71 -0.39 86  
SD 0.7 0.7 4.7 0.4 0.4 3.2 0.5 3.6  
 
Site; LS Means
Current effect: F(2, 32)=26.888, p=.00000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
1 2 3
Site
-3.5
-3.0
-2.5
-2.0
-1.5
-1.0
-0.5
0.0
0.5
Is
ot
op
e
 
Figure 4.1 Mean δ13C values, of warthog (1) P. africanus from the Eastern 
Cape and (2) kwaZulu- Natal, and the (3) extinct Cape warthog P. 
aethiopicus. 
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Figure 4.2 Mean δ13C values ± Standard Error bars, of warthog P. 
aethiopicus, from the Eastern Cape and East Africa (data from Harris & 
Cerlings 2002). 
 
 
4.5 Discussion 
 
4.5.1 Determining diets through isotopes 
The stable carbon isotope diet analysis method has its own strengths and 
limitations; the method is not able to distinguish between different foods (plant 
species or plant parts consumed (Sponheimer et al. 2003a). Initially collagen 
was selected as a sample material for this study; however collagen is usually 
not preserved in older specimens (Lee Thorp et al. 1989), thus it could not be 
utilized. Analysis of collagen would have provided more information about 
nitrogen isotopes which are more useful in determining trophic levels (Sealy et 
al. 1987; Post 2002). The carbon isotope method used in this study could 
have been improved by determining the carbon isotope value of the local 
vegetation (Codron et al. 2006). The several dual-source mixing model used 
for estimating C4 percentages may have potential source errors (Sponheimer 
et al. 2003a). This model calculates percentages of C4 plants based on mean 
δ13 values of C3 (-12.5‰) and C4 (+1.5‰), however, there may be variations in 
the δ13C ratio of C3 and C4 plants depending on the region and environmental 
conditions (Vogel 1983). 
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4.5.2 Warthog diets as determined by carbon isotopes analysis 
The results of this study have shown that there is a significant difference in 
the stable carbon isotope values of the extinct Cape warthog P. aethiopicus 
and the extant common warthog P. africanus. The Cape warthog can thus be 
interpreted as having a higher proportion of C4 plants in their diet, with the 
maximum being 93%. The common warthog had lower percentages of C4 
plant material in their diet compared to the Cape warthog.  Regional as well 
as species differences are evident, with the Eastern Cape warthog having 
lower percentages of C4 plant material in their diets than the kwaZulu-Natal 
warthog. We can then conclude that P. aethiopicus was probably a grazer, 
while P. africanus is also a grazer, but with some percentage of browse in 
their diet. The common warthog P. africanus also shows considerable 
flexibility in the proportion of C4 versus C3 plants in the diet, this is supported 
by the difference between these two populations and the greater range in C4 
consumption (63-86%) shown here. δ13C values of  C3 and C4 plants are not 
constant, but vary considerably in response to factors such as rainfall and 
humidity (Ramesh et al. 1986; Swap et al. 2004), this therefore could explain 
the different isotopic signatures of the two common warthog populations 
 
Reviewing literature on warthogs is often a challenge, as most authors have 
failed to distinguish between the two species, even after Grubb’s (1993a) 
paper clarifying this issue. This makes it difficult to determine which species is 
being referred to in a particular study. Harris & Cerling (2002) referred to all 
the warthogs they sampled in East Africa as P. aethiopicus; however studies 
have shown that in Kenya for example both species of warthog occur in close 
association (Culverwel et al. 2008). D’Huart & Grubb (2001) stated that 
Ethiopian warthogs are P. africanus, thus while comparing our results with 
Harris & Cerling (2002), we kept note of the fact that there could be P. 
africanus samples that they interpret as P. aethiopicus in their data, but we 
have also interpreted their data as P. aethiopicus, due to the lack of any data 
to discriminate these samples. 
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 In this study there was no significant difference in the carbon isotope values 
between P. aethiopicus from the Eastern Cape and P. aethiopicus from other 
African countries (Harris & Cerling 2002). This then suggest that P. 
aethiopicus delamerei, the extant subspecies of the Cape warthog existing in 
other African countries is largely a grazer.   
 
In the Kruger National Park, common warthog P. africanus were found to be 
highly dependent on C4   plants, constituting 91% of their diet (Codron et al. 
2007), which is much higher than our results from the Eastern Cape. Ambrose 
& DeNiro (1986a) used tooth collagen to establish diets of larger mammals in 
East Africa and their results revealed that P. aethiopicus is largely a grazer. 
Our carbon isotope dietary studies are therefore largely in agreement with 
both the description of the diet of warthogs (see Chapter 5 for review) as well 
as other isotope studies. 
 
4.6 Conclusions 
The stable carbon isotope diet analysis method was successful in providing 
evidence of the difference in the diet of the two warthog species. The results 
of the study supported the hypothesis that the presence of functional incisors 
in the common warthog might provide the common warthog with greater 
foraging advantages over the Cape warthog. This might be a major 
contributing factor to the success of this invasive species in the Eastern Cape.  
Species that show high specialization in terms of resources required have 
been shown to be more vulnerable to extinction than more generalist species 
(Caughley 1994; Hayward & Kerley 2008). Similarly more generalist species 
are more likely to be able to exploit new habitats and become invasive 
(Bonesi & Macdonald 2004). This reliance of the Cape warthog on C4 plants 
suggest that the species suffered in drought conditions when grass availability 
in the Eastern Cape typically declined (Hoffman & Cowling 1990). This might 
explain the rapid disappearance of this warthog species in the Eastern Cape. 
Alternatively, recognizing that the extinction of the Cape warthog coincided 
with an increase in pastoralism throughout its range (Skead 2007), suggests 
that there may be a link between the extinction of the Cape warthog and the 
increase in domestic stock use of grasses at that time. 
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CHAPTER FIVE 
 
DIET OF THE INTRODUCED COMMON WARTHOG   
 
5.1 Introduction 
Determining the diet of an invasive species is not only essential for 
understanding invasion success, but also in providing insight about potential 
competition with other native species, and  the influences the invasive species 
might have on the receiving ecosystem (Shea & Chesson 2002). The success 
of warthogs as an invader may be influenced by the opportunities provided by 
the invaded community, this includes the availability of resources like food 
(Shea & Chesson 2002). In addition the ability of an invader to exploit 
resources provided by the invaded community can have a major influence on 
the invasion success (Shea & Chesson 2002; Hierro et al. 2005). Diet 
selected may affect the social structure, dispersal patterns and predator 
avoidance behaviour of the invader (Jarman 1979). 
 
Common warthogs are predominantly grazers, living on annual and perennial 
grasses that typically grow in lawn-like swards (Ewer 1958; Field 1970; 
Cumming 1975; Mason 1982; Rogers 1984; Somers 1992; Vercammen & 
Mason 1993; Treydte et al. 2006; Chapter 4). They prefer to graze on short 
grass, and particularly fresh green grass growing in damp areas, where grass 
remains fresh and the rhizomes are succulent and full of moisture (Somers 
1992; Vercammen & Mason 1993). Habitat selection data further suggest that 
warthogs select areas with high quality food (Rodgers 1984).  
 
Several authors have suggested that warthogs may include some browse in 
their diet by foraging on roots, forbs, and even fallen wild fruit (Ewer 1958; 
Cumming 1975; Mason 1982; Rogers 1984; Somers 1992; Vercammen & 
Mason 1993; Treydte et al. 2006). Observation records revealed that 
warthogs may forage on a wide range of unusual items including aquatic 
plants, eggs, snakes, lizards, insects, earthworm, dung, bones, flesh and 
carrion (Field 1970; Cumming 1975; Kingdon 1979; Somers 1992), but there 
are no studies that have quantified the extent of this behaviour. 
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 It has been shown that the introduced common warthog P. africanus in the 
Eastern Cape differs in dental morphology from the extinct Cape warthog P. 
aethiopicus, which it replaces; this is reflected by the presence of functional 
incisors in the common warthog P. africanus. This has lead to the hypothesis 
that the success of common warthog in the Eastern Cape; may reflect 
difference in the diet (Chapter 4). Furthermore isotope data indicate that P. 
africanus in the Eastern Cape have a relatively high component of C3 plants 
(browse and C3 grasses) and high variability in the diet (refer to Chapter 4). 
 
The main hypothesis for this chapter was that; warthogs are specialized 
grazers and will impacts on a limited range of grass species. This will be 
addressed by describing the diet of the P. africanus in the Great Fish River 
Nature Reserve to identify plant species potentially at risk due to invasion by 
P. africanus. 
 
5.1.1 Dietary sampling approach 
Microhistological faecal analysis technique has become a favoured method 
for determining the compositions of herbivore diets (MacLeod et al 1996; 
Landman & Kerley 2001; Parker 2004). This method is relatively cheap, 
allows extensive sampling because faecal samples are easy to collect, there 
is minimal disturbance to the animal, and the method does not require tame 
animals (Norbury & Sanson 1992; Bookhout 1996; Wrench et al. 1997). This 
method can effectively describe the diet with a high degree of confidence 
(Holechek et al. 1982), thus this method was chosen for this study. 
 
5.2 Material and Methods 
The microhistological faecal analysis method is based on the identification of 
plant epidermal fragments found in the faeces and comparing them to an 
already existing extensive photographic plant cuticle reference collection, 
containing plants collected from the area of interest. This study had access to 
an extensive photographic collection of plant cuticle developed during earlier 
studies (Sigwela 1999; Landman 2000; Koekemoer 2001; Davis 2004). 
Specific plant characteristics such as stomata shape and cell arrangements in 
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 the photographic epidermal reference collection allows epidermal fragments 
found in the faeces to be identified to species level, when compared against 
the photographic reference collection (Holechek & Vavra 1981). 
 
5.2.1 Microhistological dietary analysis  
Fifteen fresh faecal samples were collected from the Great Fish River Nature 
Reserve (GFRNR), for four seasons, from August (autumn) and October 
(spring) 2007, as well as January (summer) and June (winter) 2008. Warthog 
faeces were identified using a field identification guide (Walker 1996). The 
faecal samples were oven dried at 55°C for a week and stored for further 
analysis. The dried samples were ground through a 2 mm mill, and digested 
using a modified microhistological analysis method as outlined by Sparks & 
Malechek (1968). This entailed five grams of the faecal samples  being boiled 
in 20 ml of 55% nitric acid for two minutes and then diluted  with 100 ml water 
and boiled for another four minutes. After boiling the mixture was rinsed with 
tap water through a 250µm sieve to remove all the acid. Samples were then 
stored in FAA (Formalin acetic-acid; 25% distilled water, 60% absolute 
alcohol, 10% formalin and 5% glacial acetic acid (MacLeod et al. 1996)). A 
sub-sample of the prepared faecal fragments was then placed on a gridded 
microscope slide and viewed at 400X magnification. A total of one hundred 
plant fragments were identified using two 50 fragments subsets for each 
sample (Holechek & Vavra 1981). Individual plant fragments found were 
identified to species level using the reference collection. 
 
5.2.2 Data Analysis 
To determine whether the number of samples were adequate to describe 
warthog diet, EstiMate S Ver 7.5 (50 randomised interactions) was utilized 
(Colwell 2005) to produce an accumulation curve of plant species recorded 
per warthog faecal sample. Sampling efficiency for each season and the 
combined samples was determined as the flattening of the curves and the 
decrease in the standard deviation (SD) (Colwell 2005). Total species 
richness was estimated using the non-parametric incidence-based estimator 
(ICE) within EstiMateS which determines species richness by using the 
number of common, infrequent and unique species (Froggo et al. 2003). 
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 A multivariate statistical method, non-Metric Multidimensional scaling (n-
MDS) ordination plots with 1000 permutation (Clark & Warwick 1994) was 
used to determine similarities between the seasons. These plots were based 
on Bray-Curtis similarity metrics on square root transformed data (Bray & 
Curtis 1957). A stress value of 0.2 is considered as providing a useful 2-d plot 
(Bray & Curtis 1957). A parametric One-way analysis of similarity ANOSIM 
(5000 permutations) was further used to determine seasonal variation in the 
warthog faecal samples. Principal Dietary Items (PDI) were defined as food 
items eaten in the greatest quantity and were identified as those that 
contributed more than 2% to the diet (Petrides 1975).  
 
5.3 Results 
A total of thirty three plant species were recorded in the diet of common in the 
GFRNR (Appendix 3). The highest number of species were recorded in winter 
(31) followed by autumn (27), summer, (24) and spring, (23) (Figure 5.1). The 
cumulative species curves for each season reached asymptotes with ICE 
showing minimal species missed (Table 5.1). Of the 33 species recorded 
twelve were grasses, which formed 79% of the diet; eight were forbs (8%) and 
eight woody shrubs (4%) (Appendix 3) and five unidentified species 
accounted for the remaining percentage, measured based on the number of 
fragments identified).  Winter and autumn had the highest percentage of forbs 
and woody shrubs recorded as compared to other seasons which had a 
higher percentage of grasses (Figure 5.2).  A total of 21 Principal Dietary 
items (PDI) were identified, varying with seasons (Table 5.2). Eragrostis 
obtusa, Eragrostis curvula, Cymbopogon plurinodis, Eustachys paspaloides, 
Aristida diffusa, Panicum deustum and Cynodon dactylon were found to be 
the most dominant species recorded for this study. The stress factor of the 
non-Metric Multidimensional scaling plots was 0.29 (Figure 5.3), this is 
considered high and the data illustrated a poor distinction between seasons 
(Clark & Warwick 1994). ANOSIM results showed no significant difference in 
plant species selected between seasons (R= 0.043, P= 0.077). 
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Figure 5.1 Accumulation curves (mean ± SD; 50 randomised interactions) of 
plants species recorded per warthog faecal sample per season. 
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 Table 5.1 Number of observed species in the diet of the common warthog in 
the Great Fish River Nature Reserve per seasons and the ICE estimators of 
species richness of the diet. 
Season Observed species 
ICE, estimator of species 
richness 
Difference in 
no of species 
Winter 31  32.3   1.3 
Autumn 27  28.8   1.8 
Spring 24  24.8   0.8 
Summer 23   24.8   1.8 
 
Table 5.2 Percentage of principal dietary items recorded in the warthog diet in 
the Great Fish River Nature Reserve per season. 
Family Species Winter Autumn Spring Summer
Poaceae Eragrostis obtusa 3.4 16.0 6.5 6.5
Poaceae Eragrostis curvula 6.3 10.7 13.4 13.4
Poaceae Aristida diffusa 7.6 5.6 5.0 5.0
Poaceae Themeda triandra 7.1 5.7 5.1 5.1
Poaceae  Panicum deustum 6.6 9.9 6.2 6.2
Poaceae Panicum maximum 2.8 0.0 2.0 2.0
Poaceae Asparagus crassicladus 0.3 0.9 0.0 0.0
Poaceae Sporobolus fimbriatus 3.3 5.7 6.7 6.7
Poaceae Cymbopogon plurinodis 9.3 7.6 15.8 15.8
Poaceae Cynodon dactylon 9.3 5.9 6.1 6.1
Poaceae Eustachys paspaloides 11.5 7.8 12.8 12.8
Poaceae Pennisetum clandestinum  1.6 0.0 5.5 5.5
Plumagineae Plumbago auriculata  3.2 0.7 0.0 0.0
Asteraceae Senecio ilicifolia  0.9 2.1 1.5 1.5
Asteraceae Senecio linifolius 0.8 1.5 1.1 1.1
Asteraceae Senecio spp 1.9 0.6 0.0 0.0
Asteraceae Felicio fascicularis 2.0 2.3 0.5 0.5
Amaryllidaceae Brunsvigia gregaria 0.7 0.6 2.3 2.3
 unidentified species 1 2.5 2.1 2.4 2.4
 unidentified species 2 2.5 3.8 0.9 0.9
  unidentified species 3 9.3 5.5 2.3 2.3
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Figure 5.2 Total percentage contribution of growth forms in the diet of 
warthogs for each season. 
 
 
 
 
Figure 5.3 An n-Multidimensional Scaling ordination (1000 permutations) of 
principal dietary items of warthog diet (N=15) for each season, winter-green; 
navy blue- autumn; light blue-autumn, red –summer. 
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 5. 4 Discussion  
5.4.1 Diet of the common warthog 
The microhistological analysis of faecal samples provided the most detailed 
information of the plant species consumed by common warthogs in the 
Eastern Cape to date. The results of this study showed that common 
warthogs in the GFRNR forage on a wide variety of grass species, thus we 
conclude that common warthogs are predominantly grazers, with some 
percentage of C3 plants in their diet. There was no difference in the species 
consumed during different seasons; however, a small percentage of forbs and 
woody shrubs were recorded mainly in drier seasons (winter and autumn). 
This lack in seasonal variation is mainly influenced by a large overlap in grass 
species recorded during different seasons.  
 
Somers (1992) used the direct observation method to determine the diet of 
warthogs in the Andries Vosloo Kudu Reserve (Great Fish River Nature 
Reserve), six grass species were recorded: Aristida congesta, Cynodon 
dactylon, Eragrostis obtusa, Panicum maximum, Panicum deustum and 
Themeda triandra, were the most frequently used grass species. Species 
recorded by Somers (1992) included those identified in this study, however 
the numbers of species recorded in this study is higher, and this may simply 
be explained by the difference in the method utilized by these two studies. In 
savanna habitats in Zimbabwe, Cumming (1975) listed 39 grass species 
consumed by warthogs. Mason (1982) recorded that warthogs in KwaZulu-
Natal consumed a variety of grass species including Urochloa 
mosambicensis, Panicum maximum, Panicum coloratum, Chloris virgata, 
Digitaria argyrograpta. Foraging on dicotyledonous plants by common 
warthogs has been reported in other studies (Ewer 1958; Somers 1992; 
Treydte et al. 2006).  
 
This study did not examine rooting and digging of underground rhizomes by 
common warthogs, but this behaviour and feeding method has been recorded 
in other studies (Cumming 1975; Mason 1982; Somers 1992). Rooting and 
digging depend on local conditions, varying with the relative abundance of 
fresh grass and suitable roots and bulbs (Ewer 1958).  
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Invaders with high competitive abilities in exploiting local resources are more 
likely to be successful (Crawley 1986; Townsend 1996). Common warthogs 
have proved to have the potential to exploit available food resources, but 
focusing on grasses. This is well demonstrated by the diversity of species that 
they consume their grazing flexibility and ability to shift their diet depending on 
the environmental conditions as well as their exploratory feeding methods. 
Common warthogs are capable of digging below the surface to extract roots 
and rhizomes and can turn grazing lands into bare soil (Ewer 1958; Cumming 
1975). They are able feed on grass growing at the base of thorny bushes 
which may not be accessible to other grazers (Ewer 1958). These adaptations 
make warthogs good competitors with other native species and this could 
account for their success in the Eastern Cape. 
 
5.4.2 Common warthogs as grazers in the Thicket Biome  
The Eastern Cape Thicket Biome is rich with herbivore species co-existing 
with common warthogs both within conservation areas and on privately owned 
lands. These herbivore species consume a wide range of plants species 
which may overlap with those consumed by common warthogs. Determining 
dietary overlap between common warthogs and other herbivore species can 
be used to determine the potential for competition of dietary resources (Sale 
1974). 
 
Elephants (Loxodonta africana) and black rhinoceros, (Diceros bicornis) 
consume a wide range of plant species (Landman et al. 2008; Landman in 
prep). Landman et al. (2008) recorded ninety plant species in the diet of 
elephants in the Addo Elephant National Park, comprising of 47.2% woody 
shrubs, 34% grasses and 11.4% succulents. Black rhinoceros diet consists of 
mainly woody plant, succulents and a smaller percentage of grass, up to  120 
plants were recorded (Landman in prep). While there could be overlaps 
between plants species consumed by warthog and mixed feeders like 
elephants and the black rhinoceros, however chances of competition with 
common warthogs for resources are less, because elephants and rhinoceros 
are less dependent on grass for food as compared to common warthogs. 
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 These two species however make up to 85% of herbivore biomass in 
conservation areas (Stuart-Hill 1992), suggesting that they may be able to 
dominate forage availability.  
 
Cape buffalo (Syncerus caffer) and Zebra (Equus burchellii) are grazers 
(Landman & Kerley 2001). Nineteen plants species were recorded in the diet 
of Cape buffalo and zebra in the Addo Elephant National Park, principal 
dietary items identified for both Cape buffalo and zebra included Eragrostis 
curvula, Eragrostis obtusa, Pennisetum clandestinum, Themeda triandra and 
Melinis repens. These plant species show a great overlap with the principal 
dietary items identified for common warthogs in this study. This indicates that 
common warthogs are potential competitors with Cape buffalo and Zebra, and 
are likely to have an impact on these populations. Kudu (Tragelaphus 
strepsiceros) and bush buck (Tragelaphus scriptus) are largely browsers, 
foraging on a smaller percentage of monocotyledonous plants (Macleod 1996, 
Sigwela 1999), and hence the potential competition for food resources with 
common warthogs is less compared to grazing species. 
 
Other domestic animals which could be potential competitors with common 
warthog in the thicket include, Angora and Boer goat (Capra hircus), Dorper 
and merino sheep (Ovis aries) and cattle (Bos indicus) (Danckwerts 1989; 
Sigwela 1999; Mayekiso 2006). However, there is limited literature 
documenting the diet of domestic herbivores within the thicket. Angora and 
Boer goats are mixed feeders, however woody shrubs form a significant 
component of their diet compared to grasses (Sigwela 1999; Mayekiso 2006; 
Milne 2008), while sheep and cattle are largely grazers, with a smaller 
percentage of browse in their diet (Danckwerts 1989; Mayekiso 2006). 
 
While there could be overlaps in the plant species consumed by common 
warthog with mixed feeders, browsers and grazers within the thick biome, 
common warthogs are more likely to compete with grazing species like zebra 
and buffalo in conservation areas and sheep and cattle in agricultural areas 
for resources. However the lack of information on the diet of the domestic 
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 species and the actual resources use when the species co-occur make it 
difficult to develop firm conclusions on this. 
 
5.5 Conclusion 
The findings of the diet analysis indicate that warthogs consume about 79%, 
C4 grasses, this support the finding of the previous chapter which used carbon 
isotope technique to show that common warthogs in the Eastern Cape 
consume about 71% of C4 grasses. The highest C3 contribution to the diet 
occurred in winter. The study also identified grass as the forage component 
that will be most heavily utilized by warthog and therefore most vulnerable to 
impacts of this invasive species. This study also provides foundations for 
developing a monitoring program to assess warthog impacts in the Eastern 
Cape. 
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CHAPTER SIX 
IMPACTS OF THE INTRODUCED COMMON WARTHOG  
 
6.1 Introduction 
The introduction of alien species can be beneficial, for example most crop 
plants, plantation trees, domestic animals, ornamental garden plants and pest 
control agents are aliens that have been introduced (Ewel et al. 1999; van 
Wilgen 2006). Despite all the benefits that alien species can provide for a 
country, some alien species spread in high numbers and alter or cause 
serious damage to their new environment; these are regarded as invasive 
species (Vitousek et al. 1997; Alpert et al. 2000; Stroz & Tschinkel 2004; 
Jeschke & Strayer 2005; Juliano & Lounibos 2005; Arim et al. 2006). The 
frequency of biological invasions has raised major concerns globally, and 
several studies have been motivated by the rising economic and ecological 
costs caused by invasive species (Elton 1958; Vitousek et al. 1997; Sala et al. 
2000; Pimentel et al. 2002; Kolar & Lodge 2001; Sakai et al. 2001; 
Richardson & van Wilgen 2004; Arim et al. 2006).  
 
6.1.1 Ecological impacts  
Invasive species create impacts on other species as well as on ecosystem 
functioning through biotic interactions including predation, parasitism and 
interspecific competition (Williamson 1996; Townsend 1996; Richardson & 
van Wilgen 2004). Invasive species displace native species; alter trophic 
structures, landscape structures and ecosystem function of the invaded 
community (Vitousek et al. 1996; Shea & Chesson 2002; Chapuis et al. 2004; 
Gurevitch & Padilla 2004; Stroz & Tschinkel 2004; Richardson & van Wilgen 
2004; Heneghan et al. 2006). Introduced species sometimes carry new exotic 
disease which may be at risk to other native species and to human health 
(Simberloff 1996; Bright 1998; Lounibos 2002; Juliano & Lounibos 2005). 
They compete with native species for resources and sometimes eventually 
dominate the invaded ecosystem (Crawley 1986; Townsend 1996; Simberloff 
1996; Vitousek et al. 1996; Chapuis et al. 2004). Impacts caused by invasive 
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 species can be so severe, that they could even lead to extinction of 
indigenous species (Townsend 1996; Torchin et al. 2003; Gurevitch & Padilla 
2004).  
 
6.1.2 Economic impacts 
Economic costs caused by invasive species can be devastating, with the 
estimated cost of invasive species on human economic systems being billions 
of dollars annually (Vitousek et al. 1996; Pimentel et al.  2002). Globally 
economic sectors such as agriculture, forestry, fisheries, water supply utilities 
and natural areas are threatened by invasive species (Pimentel at al.  2002; 
Richardson & van Wilgen 2004). Diseases carried by non-native species may 
be costly to cure (Simberloff 1996; Juliano & Lounibos 2005) or virtually 
impossible to eradicate, for example Bovine tuberculosis (Mycobacterium 
bovis) in South Africa (Bengis & Keet 1998). It should therefore be recognised 
that understanding the ecological and economic costs of introduced species is 
crucial for effective management. 
 
6.2 Costs and benefits of the introduced common warthogs 
Common warthogs are potentially valuable for their meat. In addition, their 
large tusks and hides may provide a source of revenue, and in some reserves 
they are kept for aesthetic reasons (Mason 1982; Vercammen & Mason 
1993). While common warthogs can provide economic benefits in their new 
environments; they can also cause economic and ecological costs. Common 
warthogs are predominantly grazers, but will eat a wide range of vegetable 
matter including some agricultural crops, and are regarded as potential 
competitors for resources with other wild animals and agricultural stocks 
(Vercammen & Mason 1993; Treydte et al. 2006). They have been reported 
as being extremely problematic by many farmers by causing serious damage 
to crops, natural grazing land and through opening holes in fences through 
which predators such as Jackal (Canis mesomelas) are able to move (Mason 
1982; Somers 1992). This leads to loss in agricultural stock production.  The 
warthog’s foraging methods of grazing, rooting and digging (Mason 1982; 
Cumming 1975) may cause high impact on vegetation and landscape 
structure.  
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Common warthogs are also host to various diseases which can be fatal to 
native species. They are hosts to (Tsetse fly) Glossina morsitans Westw, the 
parasite which is a vector to Trypanosomiasis (Mason 1982). They are known 
to be vectors of swine fever which is fatal to domestic pigs Sus scrofa, but 
they themselves are resistant to swine fever (Scotts 1981; Mason 1982). 
Warthog burrows are associated with numerous parasites like the blood 
sucking Congo floor maggot fly Auchmeromyia luteola and Bequaert's 
warthog fly A. bequaerti (Zumpt 1965).  Argasid ticks Ornithodoros porcinus 
porcinus, stick-tight fleas Echidnophaga inexpectata and E. larina and a 
jumping flea Moeopsylla sjoestedti are all associated with common warthogs 
(Horak et al. 1983).  
 
Farmers in the Eastern Cape argue that the common warthogs have indirect 
impacts on other wildlife species as well as agricultural stock as a host of the 
heartwater tick (Cowdria ruminantium) which could lead to tick-borne 
diseases, but there are no studies in support of this (Pers com H. Lombard).  
 
In the light of the potential impacts of introduced common warthogs on the 
ecological functioning and economics of the Eastern Cape, it is therefore 
important that impacts be investigated. A full scale research program would 
be needed for this, but this falls beyond the scope of this study, landowners 
however, are useful sources of information about factors operating at farm 
level. 
 
This chapter aims to determine landowner perceptions on the impacts and 
economic benefits of the introduced common warthogs in the Eastern Cape, 
as a preliminary contribution to understanding some of the impacts. 
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 6.3 Methods  
This study was based on the same questionnaire survey that was used in 
Chapter 3, where the methods and number of questionnaires distributed are 
presented. The first part of the survey which mostly addressed details of the 
participant was most relevant to Chapter 3 (Appendix 1). The survey 
differentiated between landowners with different land uses (conventional stock 
farming, mixed stock and game, game / hunting and ecotourism) so as to 
assess if their views would differ. Key questions addressed by the survey 
dealt with examining views of landowners on the potential impacts of common 
warthogs on vegetation, soil, and other animal species, as well as economic 
benefits and management of common warthogs (Appendix 1). 
 
6.3.1 Data analysis 
There was often an overlap in the representation between landowners with 
different landuses, thus during analysis conventional stock and mixed stock 
farmers were put under one category referred to as stock farmers. Game/ 
hunting and ecotourism landowners were treated as one category; game 
farmers (refer to Appendix 1).  
 
6.4  Results 
All completed and returned questionnaires were combined together for 
analysis. A total of 106 (7%) questionnaires out of the 1600 sent between 
2007 and 2008 were completed and returned. Only 80% of the responses 
were useful for this chapter, as 20% of the responses were from participants 
who did not have common warthogs on their properties. 
 
6.4.1  Background information about the respondent’s property  
Questions: What is the nature of land use of the property and what type of 
fencing does the property have? 
The data included 85% stock farmers, and 16% game farmers. A total of 71% 
of the respondents had conventional stock fences in their property, the 
balance of properties were fully (17%) or partly (12%) game fenced. 
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 6.4.2  Impacts of common warthogs 
Questions: What is the impact of common warthogs on this property? 
The majority of stock farmers (70%) suggest that the introduced common 
warthogs have a severe impact on their fences. Few stock farmers recorded 
severe impacts on soils (35%) and grass cover (31%) (Figure 6.1).  Stock 
farmers often recorded that there were no discernable impact caused by 
warthogs on their shrubs, herbs, farm crops and carrying capacity (Figure 
6.1). Most game farmers observed no discernable impacts caused by 
common warthogs on shrubs, herbs, farm crops, and carrying capacity 
(Figure 6.2), and only a few game farmers recorded that warthogs had a 
severe impact on their fences (36%); soil (36%) and moderate impacts on 
grass cover (29%) (Figure 6.2). Most stock farmers  and game farmer did not 
record any discernable impacts caused by warthog on other wildlife species, 
except for a few respondents who suggested that there has been an increase 
in jackal (7%), lynx (caracal caracal) (2%) heartwater tick (Cowdria 
ruminantium) (4%) and a decrease in bushpig (Potamochoerus larvatus) (9%)  
since the spread of common warthogs.  
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Figure 6.1 Stock farmers views about the impacts of common warthogs on 
vegetation, carrying capacity, soil and fences. 
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Figure 6.2 Game farmers views about the impacts of common warthogs on 
vegetation, carrying capacity, soil and fences. 
 
 
 6.4.3 Management of common warthogs 
Question:  Do common warthogs have an economic value? 
Both game farmers (86%) and stock farmers (61%) held a view that common 
warthogs have an economic value (Figure 6.3). 
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Figure 6.3 Respondents views (farmers and game farmers) about the 
economic value of common warthogs.  
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Question:  Is the value in meat, hunting or ecotourism?  
Game farmers recorded that the economic value of common warthogs is 
provided by their meat (57%) and ecotourism (50%), while stock farmers 
recorded that common warthogs are more valuable for hunting (46%) and for 
their meat (48%) (Figure 6.4). 
Question: Do you try to limit warthog numbers? 
In response, 73% of stock farmers and 64 % of game farmers reported that 
they limit warthog numbers by hunting and shooting on sight (Figure 6.5). 
Question: would you advocate the introduction of common warthogs to this 
property now if they were not already present? 
Most stock farmers (90%) responded that they would not advocate the 
introduction of common warthogs, while 57% of game farmers responded that 
they would support the introduction of common warthogs onto their property 
(Figure 6.6). 
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Figure 6.4 Respondents views on where common warthogs are economically 
valuable for their hunting, meat or for ecotourism.  
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Figure 6.5 Respondents views on whether they try to limit warthog numbers 
as a management strategy.  
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Figure 6.6 Respondent’s views on whether they would support the 
introduction of common warthogs to their property now if they were not 
already present. 
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 6.5  Discussion  
6.5.1 The survey approach 
Despite large efforts and time spent on distributing questionnaires, the return 
rate was low. This suggests that collecting data through questionnaires is not 
the best strategy for this type of study. For future studies it would be best to 
conduct direct interviews (Wambuguh 2007), although this may be expensive 
and difficult to set up appointments with landowners. This survey is of value in 
providing a first insight into potential impacts of common warthog and also in 
providing a base for future research. However the results presented here 
needs to be interpreted with some caution given the small data set.  
 
6.5.2 The potential impacts of  the common warthogs 
The results of the study suggest that warthogs are creating impacts into the 
Eastern Cape ecosystem. They are already perceived as a pest by many 
farmers in the Eastern Cape, because of severe impacts they cause on grass 
cover, soil and fences. Farmer suggests that common warthogs severely 
impact their fences, because they open holes in fences through which 
predators are able to move. The suggestion that common warthogs have an 
impact on grass cover is supported by the findings of this study in Chapter 5, 
which showed that common warthogs are predominantly grazers, foraging on 
a wide variety of grass species, suggesting that the increase in common 
warthogs population might have an impacts on a number of grass species. 
Studies have shown that warthog’s foraging methods of grazing, rooting and 
digging (Cumming 1975; Mason 1982) may cause high impacts on vegetation 
and landscape structures. The natural vegetation of the Eastern Cape has 
already been degraded by over-stocking and bush clearing (LaCock 1992; 
Kerley et al. 1995), thus degradation of vegetation by an invasive species like 
common warthog will further alter the vegetation and landscape structure of 
the Eastern Cape. 
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 Most landowners observed no discernable impacts caused by warthogs on 
other wildlife animals, except for a few stock farmers who have reported that 
there has been an increase in lynx and jackal that access into their farms 
through holes on the fences opened by common warthogs, and leading to 
loss of agricultural stock. Most of landowners (stock farmers) in the Eastern 
Cape have conventional stock or partly game fenced properties and this then 
makes them more vulnerable to invasion by common warthogs, which can 
penetrate even electrical fences. A few landowners recorded that there has 
been an increase heartwater tick and a decrease in bushpig numbers since 
the spread of common warthogs in the Eastern Cape. However, there are no 
studies documenting any ecological interactions between common warthogs 
and bushpigs, or how the presence of common warthogs impact on bushpig 
numbers. This therefore needs to be further examined. 
 
Heartwater is a tick-borne disease caused by Cowdria ruminantium and 
transmitted by ticks of the genus Amblyomma, mostly affecting ruminant 
livestock like cattle, goats and sheep (Chamboko et al. 1999; Peter et al. 
1998; Kock et al. 1995). Wildlife species are usually not affected, however 
wildlife species may be a reservoir for C. ruminantium thus contributing to the 
spread of this disease (Kock et al. 1995). However, there are no studies 
documenting warthog as a reservoir for C. ruminantium. The perceptions of 
farmers reported here therefore needs to be treated with caution and 
addressed in a research programme.  
 
The lack of crops farmers that responded to the survey, leads to no 
information about the potential threats of common warthogs on crops being 
reported. This then explains why there were relatively fewer respondents 
observing impacts on crops. Common warthogs have been reported to create 
massive destructions on the citrus farmers around the Sundays River valley 
(Pers comm. E.L. Pringle), but there was no data from this area. They have 
also been reported to be creating destructions on farms lands in other African 
countries (Vercamman & Mason 1993)  
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 The fact that the majority of stock farmers did not observe any impacts 
caused by  common warthogs on other wildlife species, may be influenced by 
the fact that their main focus is on their agricultural stock, and they may not 
take note of trends in other wildlife species that might exist on their properties.  
This aspect needs to be further investigated. 
 
In South Africa there are a few documented studies dealing with impacts of 
invasive herbivore species. However in other countries introduced alien 
vertebrate species caused massive destruction to the ecosystem (Pimentel 
2002). In Australia, the introduced European rabbit (Oryctolagus cuniculus), 
caused massive destructions to the vegetation, including pasture degradation, 
degeneration of perennial grasses, and loss of important fodder trees and 
shrubs. The destruction of the vegetation by rabbits caused massive losses in 
the Australian agricultural stock industry (Pimentel 2002). Rabbits also caused 
extensive loss in forestry and tree plantation industry (Pimentel 2002) and in 
addition to this they foraged on crops including cereals and horticulture crops 
(Pimentel 2002). There is therefore a need to further investigate the impacts 
of common warthogs in the Eastern Cape. 
 
6.5.3 Economic benefits and management of warthogs 
Both stock and game farmers acknowledge that common warthog have an 
economic value through their meat, hunting and ecotourism; however the 
survey showed that most stock farmers shoot common warthogs on sight. Up 
to 90% of the stock farmers recorded that they would not advocate the 
introduction of common warthogs onto their properties, if they were not 
already present. This demonstrates that even though common warthogs can 
provide an economic benefit, agricultural farmers would rather not have 
common warthogs in their farms. Stock farmers argue that the economic 
benefits provided by common warthogs are far less than the cost of the 
impacts they cause on their lands. 
 
The fact that 57% of game farms would advocate the introduction of common 
warthogs in their properties clearly shows a conflict of interest between the 
two groups of respondents. Game farmers are more concerned with 
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 generating economic benefits with wildlife species and they often do not have 
agricultural stock or crops that would be directly affected by common 
warthogs as compared to stock farmers. In most game farms common 
warthogs provide a food source for predator species (lions Panthera leo and 
leopard Panthera pardus). While the majority of game farmers are clearly not 
concerned by having warthog on their farms, they do limit their warthog 
numbers; this may demonstrate that they acknowledge the potential threats of 
having high warthog numbers. Given the increase in game farming in the 
study area (Smith & Wilson 2002), the implication of the potential conflict 
between game and stock farmers needs to be further examined.  
 
6.6 Conclusions 
The results of this study are the first formal indication that common warthogs 
may be a threat to the Eastern Cape ecosystem. This information will be 
valuable in managing any further introductions of common warthogs in the 
Eastern Cape and promote active participation in control and management 
efforts, and even eradication of this invasive species in the Eastern Cape. 
There is therefore a need for future studies or an ongoing impact monitoring 
programs. However challenges will exist, one of those being lack of pre-
invasion data in determining the extent of the impacts caused by common 
warthogs on the natural vegetation. The impacts caused by common 
warthogs on the Eastern Cape ecosystems can be easily underestimated, 
because they may only be visible after many years. It may even be more 
difficult measuring these impacts on reserves, because of their large sizes 
and several other mammal species for example elephants Loxodonta Africana 
(Cowling & Kerley 2002; Kerley & Landman 2006) that can create impacts to 
the ecosystems.  
 
The ordinance regarding wildlife in the area (Cape Nature conservation 
ordinance, 19 of 1974), states that any landowner in possession of a 
protected wild species or intending to import or transport a wildlife species 
must have a certificate of adequate enclosure which is issued if the 
applicant’s property is adequately enclosed with prescribed minimum 
standards of fences. Policy (National Environmental Management: 
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 Biodiversity Act, 10 of 2004) also discourages the introduction of exotic 
species, especially where conflict with indigenous species may occur. Based 
on this policy introduction of common warthogs in the Eastern Cape should be 
discouraged, because this is an alien species that can not be controlled by 
fencing. 
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CHAPTER   SEVEN 
 
DISCUSSION 
 
 7.1 Introduction 
 
 The introduction of common warthogs in the Eastern Cape was part of a 
conservation initiative that aimed to re-establish wildlife populations that 
historically occurred in Eastern Cape (Eastern Cape Parks unpublished 
reserve records). However, lack of prior scientific knowledge of the species 
lead to the introduction of an alien species which is now invasive. According 
to the results of this study, common warthogs are rapidly spreading and 
expanding their range particularly around the Sundays and the Great Fish 
River valleys and they are now perceived by landowners to be creating 
impacts on grass cover, soils and fencing. This spread of common warthog in 
the Eastern Cape exhibits characteristics of an invasive species (Vitousek et 
al. 1997; Alpert et al. 2000; Stroz & Tschinkel 2004; Jeschke & Strayer 2005; 
Juliano & Lounibos 2005). To understand why alien species like the common 
warthog in the Eastern Cape, become invasive, it is important to identify those 
factors and species traits that enable a species to become invasive.  
 
7.1.1 Factors influencing the invasion success of common warthogs 
There are various factors that might have enabled common warthogs to 
become invasive in the Eastern Cape, some of which have been reviewed in 
this study. The results of the study showed that there is a difference in the diet 
of Cape warthog P. aethiopicus and the common warthog P. africanus, 
suggesting that P. aethiopicus was largely a grazer, while P. africanus is also 
a grazer, but with a larger percentage of browse in their diet. This then 
suggests that the presence of functional incisors in the common warthog 
might provide it with greater foraging advantages over the Cape warthog. This 
might be a major contributing factor to the success of this invasive species in 
the Eastern Cape, and might contribute to explaining the rapid disappearance 
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 of the Cape warthogs in the 1800s, which coincided with rapid expansion of 
herds of domestic grazers (Skead 2007). 
 
The results of the study showed that common warthogs in the GFRNR forage 
on a wide variety of grass species and include some C3 plant in their diet, 
mostly consumed during winter and autumn; this suggests that common 
warthogs are able to shift their diet during nutrient-limited conditions. 
Generalist species are more likely to be able to exploit new habitats and 
become invasive (Bonesi & Macdonald 2004). Furthermore, invaders with 
high competitive abilities in exploiting local resources are more likely to be 
successful invaders (Crawley 1986; Townsend 1996). Unfortunately available 
material for the Cape warthog does not allow investigation of dietary shifts. 
 
Common warthogs were intentionally introduced into the Eastern Cape by 
humans; this ensured success during the first transport stage. Studies have 
recorded that alien species introduced intentionally by humans are usually 
more successful in establishing in the new environments (Townsend 1996; 
Chapuis et al. 2004). The initial introduction of warthog was followed by 
several other introductions that occurred in other reserves and other privately 
owned farms; this might have influenced the widespread distribution of this 
species. Studies have shown that successful introduction, establishment and 
spread of alien species is strongly influenced by propadule pressure, which is 
defined as the number of individuals introduced and the number of 
introduction attempts (Mack 1985; Sakai et al. 2001; Theoharides & Dukes 
2007). Dispersal ability has been shown to be a major contributing factor to 
the spread of an invasive species (Townsend 1996; Sakai et al. 2001). 
Common warthogs are able to cut through fences which is the main boundary 
around conservation areas and privately owned lands, this encourages the 
movement of this species onto other farms where they where not originally 
introduced.  
 
Warthogs have a very high reproductive capacity; (Cumming 1975; Boshe 
1981; Mason 1982; Somers & Penzhorn 1992), thus they are able to recover 
from population regulation attempts. Their population stability is also 
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 complimented by other social interactions like allomothering between female 
warthogs (Somers 1992), this contributes to high juvenile survival even if the 
mother is killed; this then further reduces the effectiveness of population 
reduction programs.  
 
The lack of potential predators to warthogs is one of the major factors that 
might have influenced the warthog population increase in the Eastern Cape 
(Somers 1992). Cumming (1975) recorded that a large decline in warthog 
numbers coincided with an increase in the lion population. Warthogs are very 
sensitive to severe environmental conditions; they have been reported to 
undergo dramatic declines during drought conditions (Mason 1990), however, 
they are able to recover from this effect because of their high reproductive 
capacity. All these factors might have influenced the success of warthogs in 
the Eastern Cape. 
 
This study has therefore identified some factors that may have played a role 
in the establishment and spread of warthogs in the Eastern Cape. Given the 
limited study area and response of landowners, the findings should be 
considered preliminary and further research is needed to better understand 
this process. 
 
7.1.2 Impacts of the common warthog  
Impacts caused by warthogs on grass cover, soil and on fences can have a 
major impact on the Eastern Cape ecosystem and agricultural economy. They 
are regarded as competitors with other herbivore species (Vercammen & 
Mason 1993; Treydte et al. 2006). This study identified grass species that are 
heavily utilized by common warthog and therefore most vulnerable to impacts 
of this invasive species. In addition warthog foraging methods of grazing, 
rooting and digging reported in other studies (Cumming 1975; Mason 1982) 
may cause high impact on the natural vegetation and landscape structure of 
the Eastern Cape, which has been already been degraded by over-stocking 
and bush clearing (LaCock 1992; Kerley et al. 1995). 
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 The rural Eastern Cape economy is highly dependent on agriculture (Roux & 
van der Vyver 1988), and losses of agricultural stock production due to 
warthog could have a large impact on the economy of this province.  
 
7.1.3 Value of common warthogs in the Eastern Cape 
Warthogs are economically valuable for meat, hunting and for ecotourism. 
However, most landowners argue the economic benefits of having common 
warthogs are less than the impacts that they cause on their lands. Thus most 
landowners (stock farmers) in the Eastern Cape shoot warthogs on sight. 
Despite these population regulation attempts warthog numbers in the Eastern 
Cape are increasing rapidly and they are expanding their range throughout 
the Eastern Cape. It is however important to note that this study was 
constrained in its study area and sample size, hence these findings are 
preliminary and there is therefore a need to properly research the economic 
costs and benefits of common warthogs in the Eastern Cape. 
 
7.1.4  Introduction and translocation of ungulate species in South Africa 
There is relatively little research dealing with the introduction and impacts of 
ungulate species in South Africa (Spear & Chown 2009), despite the fact that 
the introduction of ungulate species has its own cost and benefits (Castley et 
al. 2001; Spear & Chown 2009). Invasive ungulate species are counted 
amongst the most invasive species (Lowe et al. 2000). Despite all the risks of 
introducing species, South Africa has a substantial number of introduced 
ungulates, introduction mostly motivated by financial benefits (Castley et al. 
2001; Spear & Chown 2009).  
 
Concerns regarding potential conservation implications of these introductions 
have been raised. However, because of the lack of evidence regarding the 
impacts of non-indigenous species in South Africa, game and hunting 
industries often question the laws regulating the translocation and introduction 
of large mammals in South Africa (Spear & Chown 2009). 
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 This study is therefore a good case study of an introduced species that is now 
becoming invasive and showing impacts, and thus has provided insight into 
the disadvantages of introducing a large mammal.   
 
7.2 Conclusions 
In light of the findings of this study, it is important that government authorities 
and all other parties concerned recognize that common warthogs are invasive 
in the Eastern Cape and must develop a population management plans or 
eradication programs. The Department of Economic Development and 
Environmental Affairs should discourage any further introductions of common 
warthogs in the Eastern Cape. 
 
7.3 Future Research  
1. Conduct field and landowner surveys  
Field studies must be conducted in addition to the questionnaire survey to 
further determine the rate and range of population expansion, direction of the 
population as well as the ecological impacts of common warthogs in the 
Eastern Cape. This should extend beyond the study area used in this study. 
2. Conduct field studies of the species  
The diet of this species in the Eastern Cape must be further examined at 
different sites over long period of time. In addition to Somers (1992), more 
research is needed to understand the ecology and behavior of the common 
warthogs, specifically, some of the hypotheses raised here, such as the 
impact of predation on warthog population establishment, this can for example 
be examined in Addo Elephant National Park, where lion and spotted hyaenas 
occur with common warthogs. 
3. Expand the isotope study  
The museum samples used in this study were not aged, therefore for any 
future research; these samples must be aged and dated. Examining oxygen 
and nitrogen isotopes could provide insight into other environmental 
parameters that might be influencing the success of common warthogs in the 
Eastern Cape. 
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 Appendix-1 Warthog distribution and possible impacts questionnaire.  
 
Warthog Distribution and Possible Impacts Survey 
   Centre for African Conservation Ecology 
Nelson Mandela Metropolitan University 
 
 
Dear Landowner/Manager  
This survey is part of an MSc research project by myself, Kanyisa Nyafu, an MSc student at Nelson Mandela Metropolitan 
University. The aim of the study is to investigate the status of warthogs in the Eastern Cape by documenting introductions, 
rates and directions of population and range of expansion, as well as possible impacts and diet of the species. This study is 
motivated by the recognition that warthog populations have increased in their numbers and range in the Eastern Cape over 
the last 30 years, and that there are some concerns regarding their possible impacts.  
This questionnaire survey is therefore aimed at landowners/managers who can provide insights into the occurrence and 
possible impacts of warthogs, with a special focus on the Fish and Sundays River valleys, and the area in between.  
Your participation will be invaluable in providing information for my project, as well as assisting in developing an 
understanding of possible costs and benefits of warthogs. 
Please note that this form can be provided electronically by emailing me at kanyisa.nyafu@nmmu.ac.za. Any queries can 
also be directed to this address. I will be providing feedback on this survey to the participants on the completion of this 
project, via email when provided. 
With many thanks for your support, 
Kanyisa Nyafu 
Details of the Respondent  
Name 
 
 
Phone: Home   Cell   Postal 
Address 
 
  
 
email  
Details of the 
property that 
you are 
reporting on: 
Farm 
name 
 District  GPS co-
ordinates 
(if 
known) 
 
Years of experience on the property (Mackwith 
an X) 1-9 10-19 20-29 30-39 40-49 >50 
Nature of landuse (Mackwith an X) 
Conventional stock 
farming 
Mixed stock and 
game Only game / hunting Only ecotourism 
How is the property fenced? (Mackwith an X) Conventional stock fences Fully game fenced Part game fenced 
The history of introduction of warthogs on the property, and how have they expanded their range 
Are there  warthogs on this property (Mackwith an X)  Yes No 
 If yes, please continue with the questionnaire. If no, this information is still important and I would appreciate you returning the 
questionnaire. 
How many warthogs are on this property?  Number counted  Number guessed  
When were warthogs first recorded on this property?  Give year or Mackwith an X  
Year? Prior to 1976 1976-1980 1980-1985 1985-1990 1990-1995 
1995-
2000 
2000-
2005 2005-2007 
How did warthogs reach this 
property? 
 
Introduced?  Natural dispersal? 
 
Unknown? 
If they dispersed naturally onto your property, where do you 
think they came from?  
Are you aware of any neighbouring or nearby properties to which they may have 
been introduced?   Yes No 
If yes, please give property name and year 
of introduction  
 If warthogs were  introduced to your property, please provide the following information relating to this introduction: 
Date of introduction 
   Numbers introduced   
Source 
 
 
 Sex ratio introduced  
 88
 Reasons for introduction 
 
 
 
What is the impact of warthogs on this property?  
(Mackwith an X) 
No discernable 
impacts Moderate  Severe  
Nature of impacts or comment further (i.e. is there a loss, increase, 
breakage, etc. of these components?) 
Grass cover and 
diversity       
 
Shrubs 
       
 
Herbs (opslag) 
       
 
Farm Crops 
    
 
Carrying capacity of 
the property    
 
Soil 
       
 
Fences 
       
 
Possible impacts on other wildlife caused by warthog 
(Mackwith an X) 
No discernable 
impacts 
Increase 
in 
numbers 
Decrease 
in 
numbers 
Nature of impacts or comment further  
Bushpig numbers 
 
    
Other species 1 
(specify) 
    
Other species 2 
(specify) 
    
Other species 3 
(specify) 
    
Management of warthogs 
Do warthogs have an economic value? (Mack with an X) Yes No No information 
Is the value in?  Hunting Meat Tourism 
Do you try to limit or reduce warthogs (Mackwith an X) Yes  No    
If yes to the above, explain why. 
 
 
 
Mechanism(s) used 
to reduce warthog 
numbers 
 
 
How many warthogs have been removed from 
this property by hunting/culling/live sales 
Numbers/year 
or total: 
 
Yes Would you advocate the introduction of 
warthogs to this property now if they were not 
already present? (Mackwith an X) 
 
 
No 
Provide 
reasons 
 
Additional comments regarding 
the introduction, impacts and 
management of warthogs 
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 Appendix-2: Cerling & Harris’s (2002) isotopic analysis results of extant African 
warthogs, interpreted by them as representing P. aethiopicus, together with 
estimated contribution of C4 grass to the diet. 
        
δ13C (PDB)         %C4 Location Country 
-4 61 Omo Ethiopia 
0.3 91 Koobi Fora Kenya 
0.1 90 Koobi Fora Kenya 
-1.7 77 Koobi Fora Kenya 
-0.9 83 Laikipia Kenya 
-3.3 66 Laikipia Kenya 
-0.9 83 Laikipia Kenya 
-0.2 88 Laikipia Kenya 
-0.8 84 Laikipia Kenya 
-0.5 86 Laikipia Kenya 
0.2 91 Kitengela Kenya 
-0.9 83 Langata Kenya 
0.6 94 Narobi NP Kenya 
1 96 Nakuru Kenya 
-0.5 86 Nakuru Kenya 
0.2 91 Nakuru Kenya 
-0.3 87 Nakuru Kenya 
-0.6 85 Nakuru Kenya 
0.8 95 Nakuru Kenya 
-0.3 87 Nakuru Kenya 
0 89 Nakuru Kenya 
0.3 91 Nakuru Kenya 
-0.9 83 Nakuru Kenya 
-0.6 85 Nakuru Kenya 
-0.7 84 Nakuru Kenya 
0.2 91 Nanyuka Kenya 
-2.1 74 Nanyuka Kenya 
-0.4 86 Nanyuka Kenya 
1.3 99 Narok Kenya 
-3 68 Narok Kenya 
0.1 90 Narok Kenya 
-0.7 84 Tsavo Kenya 
0.2 91 Tsavo Kenya 
1.3 99 Sadani Tanzania
0.5 93 Sadani Tanzania
-0.5 86 Sadani Tanzania
    
-0.8 84 QE Uganda 
-0.2 88 QE Uganda 
-1.8 76 QE Uganda 
1.6 100 QE Uganda 
-1.5 79 Garamba Zaire 
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 Appendix-3 Percentage contribution of different plant species per season in the diet of 
warthogs in the Great Fish River Nature Reserve. 
 
Growth forms Family Species  Winter Autumn Spring Summer
Grass 
 n= 12 Poaceae Eragrostis obtusa 3.4 16.0 6.5 6.5
 Poaceae Eragrostis curvula 6.3 10.7 13.4 13.4
 Poaceae Aristida diffusa 7.6 5.6 5.0 5.0
 Poaceae Themeda triandra 7.1 5.7 5.1 5.1
 Poaceae  Panicuim deustum 6.6 9.9 6.2 6.2
 Poaceae Panicum maximum 2.8 0.0 2.0 2.0
 Poaceae Sporobolus fimbriatus 3.3 5.7 6.7 6.7
 Poaceae Cymbopogon plurinodis 9.3 7.6 15.8 15.8
 Poaceae Enneapogan scoparius 0.9 1.7 0.9 0.9
 Poaceae Cynodon dactylon 9.3 5.9 6.1 6.1
 Poaceae Eustachy paspaloides 11.5 7.8 12.8 12.8
 Poaceae Pennisetum clandestinum 1.6 0.0 5.5 5.5
       
       
Forbs 
n=8 Asteraceae Senecio ilicifolia  0.9 2.1 1.5 1.5
 Asteraceae Senecio linifolius 0.8 1.5 1.1 1.1
 Asteraceae Senecio spp 1.9 0.6 0.0 0.0
 Asteraceae Felicio fascicularis 2.0 2.3 0.5 0.5
 Asteraceae Cupsidia cernua a 1.7 0.0 0.0 0.0
 Amaryllidaceae Brunsvigia gregaria 0.7 0.6 2.3 2.3
 Commelinea Commelina benghalensis 0.2 0.0 1.0 1.0
 Limiaceae Leucas capensis 0.7 0.4 0.0 0.0
       
       
woody shrubs, 
n=8 Ebenaceae Euclea undulata  0.7 0.0 0.0 0.0
 Euphobiaceae Phyllanthus verrucosus  0.3 0.4 0.0 0.0
 Anacardiaceae Rhusa pterota  0.0 0.1 0.5 0.5
 Rhamnaceae Scutia myrtina   0.5 0.0 0.2 0.2
 Plumagineae Plumbago auriculata  3.2 0.7 0.0 0.0
 Liliaceae Protasparagus striatus 1.3 1.2 1.3 1.3
 Asparagaceae Asparagus crassicladus 0.3 0.9 0.0 0.0
 Fabaceae Indigofera sessilifolia 0.3 0.3 0.0 0.0
       
Unidentifiable   
n=5                            unidentified 1 2.5 2.1 2.4 2.4
  unidentified  2 2.5 3.8 0.9 0.9
  unidentified  3 9.3 5.5 2.3 2.3
  unidentified  4 0.6 0.3 0.0 0.0
    unidentified  5 0.0 0.4 0.0 0.0
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